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Magnet  Losses Rev is i ted
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why do  th is  measurement  once  aga in?

Magnet  Loss  Measurements

  1994:  Gi l lespie & Raab
  1996: Carr i
  1997:  Kawamura  & Haze l
  1998:  current  work



Ind ium or  Epoxy?

   Epoxy:                      Indium:
   
   -strong bonding         -strong bonding
    (LIGO qual i f ied)       (but st i l l  needs
                                     LIGO qualif ica-
                                     tion)
   
   -not  very vacuum      -vacuum
    compatible               compatible
   
   -proven low-loss       -???
    at tachment    
    technique
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Ringdown of 31.0 kHz mode w/o magnets

tau (no magnets) = 186s

tau (with magnets) = 77.3s
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Table 1: Measured Mechanical Losses

Mode Freq
(kHz)

φ, without
magnets

(x10-7)

φ, with
magnets

(x10-7)

9.31 71.9 102

14.43 1.02 1.04

22.22 19.2 19.6

22.49 .775 1.31

26.11 2.86 3.45

27.28 3.65 5.92

30.07 .637 1.66

31.02 .565 1.33

31.99 1.20 2.46

35.41 .529 .78

40.76 .787 1.75

48.13 1.12 33
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Magnet−induced losses in Pathfinder test mass

indium−bonded dumbbell standoffs (current work)
epoxied cylindrical standoffs (Carri)
epoxied dumbbell standoffs (Hazel & Kawamura)



Current  S ta tus  o f  Ind ium Bond ing
           and Magnet Losses

1.  Ind ium bonding losses are
   acceptab ly  low for  L IGO

2.  Bonding s t rength is  current ly
   be ing character ized
   (magnet / ind ium bond is
   the weak l ink)

3.  New f ix tur ing for  a t taching 
   magnets  be ing des igned
   (b ig  advantage:  ind ium 
   'cures '  instant ly,  unl ike epoxy,
   saving lots of  t ime)



Mukund  Tha t ta i ;
      Corne l l ,  Ca l tech SURF
Phi l  Wi l lems;  
      Cal tech

Q Reduc t ion  in  Tapered
   Suspension F ibers



Note that  f ibers  should  be narrow 
at  the ends to min imize loss.   Yet  
actual  fused s i l ica f ibers taper to 
increasing d iameter  at  the ends.  

f in ished f iber  w i th  tapered ends

Un i form wi re  suspens ion is  we l l  
unders tood,  and probably  idea l ;
losses are concentrated at  ends
accord ing to  the equat ion

n=number  o f  exc i ted  w i re  mode
k=wi re  e las t i c  wavenumber

Φ=Φ (1+2
k L

(n π )
2 k L

)
2

mat

f iber  be ing pu l led in  f lame
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rotat ionΦ

Μ

The Phys ica l  Mode l

ρ(z)

(z)-E[ I x''''+2I'(z)x' ' '+I ' '(z)x' ']+Tx' '= -ρ(z) ω2 x

x(0)=x ' (0)=0

E[ I (L) x(L)' ' '+I ' (L)x' ' (L) ] -Tx ' (L)= -

-E[ I (L) x' '(L) +hI ' (L)x ' ' (L) +h I (L) x' ' ' (L)]= -

s t r ing equat ion of  mot ion

boundary condi t ions,  top of  s t r ing

mass force equat ion

mass torque equat ion

(wi th  apolog ies to  Gonzalez and Saulson)

posi t ion x(z)
l inear  mass densi ty
moment of  iner t ia  I (z)

JωΦ2

ω2 M x
M
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Test: is Q inverse to loss factor phi?

Yes!



Diameter  Prof i les Used in  
the Simulat ion

-heat ing zone constant
 as f iber is pul led
-approximat ion of  hand-
 pul led f ibers

L inear:

Exponent ia l :

-rod fed into heating
 zone at  low speed 
 and f iber drawn out
 at high speed
-approximat ion of  draw
 tower f ibers

Inverse Square Root :

-heat ing zone grows
 half  as fast as f iber
 is pul led (descr ibed
 by Birks et al .)
-useful  approximat ion
 since al l  tapers shown 
 are l inear to f irst order
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Q−reduction vs. taper length

uniform fiber
linear taper
inverse−square−root taper
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Q−reduction vs. taper depth

linear taper
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Pendulum thermal noise spectra

30 cm uniform fiber
30 cm fiber with linear tapers
26 cm uniform fiber

40% increase in thermal

noise due to presence

of tapers
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Pendulum thermal noise spectra

30 cm uniform fiber
30 cm fiber with linear tapers
26 cm uniform fiber

40% increase in

thermal noise due

to presence of tapers



Poss ib le  Improvements

a)  f ind a way to c lamp 
   fused si l ica f ibers in
   the same manner as 
   metal  wires
b)  use very narrow 
   heat ing zones to draw
   f ibers (e.g. carbon
   dioxide lasers)
c)  use torch mul t ipass
   technique to tai lor
   f iber prof i le
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