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Who is Team Red 

  About 35 people from 8 
institutions. 

  In the period between 
Nov 2011 and Jan 2012 
we had four telecons 
plus one F2F meeting 
(with 25 people 
attending in person) in 
Glasgow. 

  Lots of PhD students 
involved. 
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Task description 
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Input parameter and resulting 
working assumptions 
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INPUT 

Available 2018 

P = 800kW 

50-100 million $ 

Working assumption 

Stick to  
vacuum tube 

Keep ISI 

T =290 K 

Only looked at 
Fundamental noise 

Not optimised  
on 10%level 



To avoid misunderstandings … 
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Suspension Thermal Noise 

  Boosted aLIGO 
Quad with 1.2m 
long last stage and 
160kg test masses.   
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Suspension Thermal Noise 
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Suspension R&D 
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Newtonian Noise 
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Used seismic from: 
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Newer data from LLO 
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New data from LLO seem to suggest that Strawman red underestimates 
 the GGN level by about a factor 2.  
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Side note: Seismic barrages 

   2D finite-difference time-domain simulations for barrages of 
40x40m. 

  Attenuation of seismic by about a factor 2. 

  Seismic barrages are not included in the Strawman Red 
sensitivity curve. 
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Coating Brownian noise 

  Assumed and overall improvement by a 
factor 3.2. 

 Factor 1.6 from increased beam sizes. 

 Another factor of 2 on top of this from either: 
 Better coatings 
 Khalili cavities 
 Resonant waveguide mirrors  
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Increasing the beam size 

  Assume an 
increase of 
beam size by a 
factor 1.6. 

  Keep aspect 
ratio of test 
masses as it is 
=> 160kg. 
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Optical coatings with reduced 
thermal noise 

 Continued improvement of tantala coatings. 
  Loss related to local atomic structure of material 

 High-temperature annealing of coatings. 
  Heat treatment in the range of 500-1000 degrees centigrade 

 Amorphous silicon as a high-index coating 
material 
  n=3.5 => quarter-wave layer is thinner. In addition need fewer layers. 
  Potential improvement = 2.3 (in amplitude)  
  Requires change of laser wavelength  

 Crystalline coatings (eg AlGaAs or AlGaP) 
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Khalili cavities 
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Total mirror thermal noise 
Improved by a factor 2 



Khalili cavities 

 Extremely hardware 
intensive. 

 Lots of technical 
challenges: 
  Thermal lensing 
  Cavity stability 
  Control 
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Thermal lensing in K-cavity 
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Waveguide mirrors 
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From D. Friedrich PhD thesis 

Factor of 2 lower total noise 



R+D required for waveguide mirrors  
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Quantum noise 
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Squeezing losses 
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= 9% in total 

Cavity losses in literature 

Assuming losses are independent  
of cavity length 
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Speedmeter an alternative? 
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Strawman Red Costs 
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  For details please see documents 
on the DCC: 

  50 page long description of the 
Team Red Design can be found 
at https://dcc.ligo.org/cgi-bin/private/
DocDB/ShowDocument?docid=78100 

  The sensitivity data for the Team 
Red design are available at 
https://dcc.ligo.org/cgi-bin/private/
DocDB/ShowDocument?docid=86562  
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More Details of the Team Red Design 
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Benefits of a (modified) Strawman 
red H1 with a cryogenic H2 ? 

•  Building a cryogenic xylophone 
can in principle allow reduction 
of thermal noise and radiation 
pressure noise and therefore 
improve the low frequency 
sensitivity. 

•  However, looking at the 
Strawman Red noise budget we 
see that to do this GGN needs 
to be subtracted  - important 
R&D area. 

•  For the following investigations 
we assumed that seismic and 
GGN could be significantly 
reduced by subtraction, 
feedforward or similar 
techniques. (For simplicity we 
completely exclude them for 
the moment.) 
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Suspension TN 

•  Allows to extract the 
power similar to ET-D-LF: 
18kW * 1ppm = 18mW  

•   Cryogenic silicon 
suspension at 40K. 

•  Improvement of about 
factor 10 at 10Hz. 

•  Stress was chosen to be 
half of the current (quick) 
lab measurement.  

•  Temperature was chosen 
as a compromise of heat 
extraction and TN 
performance.    
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Coating noise 

  Assumes no better than 
tantala/silica coating on 
silicon substrate 
(conservative choice) 

  Uses measured phi values. 

  Beam radius of 9 cm was 
assumed (same as ET-D-LF). 

Please	  note:	  Strawman	  red	  includes	  a	  factor	  2	  
From	  Khalili	  cavi9es	  and	  is	  therefore	  slightly	  be=er	  	  
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Quantum noise 

•  Assumed 18kW of circulating 
power. 1550nm and test 
masses of 160kg. Squeezing 
of 20dB plus similar losses as 
for Strawman Red baseline, 
i.e. an improvement factor of 
2.9 (nearly 10dB) in 
amplitude. 

•  Can optimise the SR 
configuration. 

•  For the moment we have 
chosen a FPMI without Signal 
recycling to give best 
sensitivity around 10Hz. 

•  This allows to get away with a 
short filtercavity  

Examples	  of	  different	  SR	  configura9ons	  	  
from	  ET-‐D_LF	  
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The Cryo noise budget 

Please	  note:	  No	  GGN	  or	  seismic	  noise	  or	  any	  control	  noises	  are	  included	  here	  !!	  
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Cryogenic IFO plus 
room temperature Strawman Red 

Please	  note:	  No	  GGN	  or	  seismic	  noise	  or	  any	  control	  noises	  are	  included	  in	  the	  LF	  detector	  noise	  budget	  !!	  
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The full xylophone 

Please	  note:	  No	  GGN	  or	  seismic	  noise	  or	  any	  control	  noises	  are	  included	  in	  the	  LF	  detector	  noise	  budget	  !!	  

Numbers	  given	  in	  the	  legend	  refer	  to	  binary	  neutron	  star	  inspiral	  range.	  	  
A	  lower	  cut-‐off	  frequency	  of	  5Hz	  was	  chosen.	  	  

Poten:al	  	  
improvement	  
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What are the benefits of a 
xylophone? 

•  If gravity gradient noise and seismic noise can be mitigated, a 
cryogenic instrument accompanying a RT partner could make a 
significant low frequency sensitivity improvement 

•  Using a xylophone can allow simplifying the accompanying room 
temperature upgrade (for instance shorter suspensions etc) 

•  Going for a full xylophone (with test masses temperatures in 
20-40K region) can give all the benefits of a cryogenic, low-power 
interferometer to cover the low frequency range while AT THE 
SAME TIME give the full benefit of a not too complex high-power 
interferometer covering the high frequency end. 

•  So we suggest exploring xylophone options in the R+D plans for 
LIGO-3.    
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