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Preeipitation hardened steel

jsTIMtftt!rt.' CF Ristbl/'{L 117EEP

With Maraging observe the creep speed

to increase x 30 for 10oC rises

Bake blades under stress at )= 80oc for a week

Observe creep at

Observe creep at

Estimate residual creep at

1 Crystal slippage / day

-_'

Most residual creep may be due

to pure dislocations

(slippage under threshold)

R. DeSalvo Amaldi conference ll4 July lggT



Non Stochastic Noise (NSN) sources

in a non controlled non thermal mode

Generat g. events

outside the exponential noise distributi,on.

sources that inject ener

in the interferometer

,)

,{\ Internal sourcesn)

Couplings to outside world

R. DeSalvo Amaldi conference ll4 JuIy lW7



,YTEfL/rnL,)

eep noise on wires and springs

L
Cr

NSl.l Sources

Thermal movement noise and upconversions

Cabling p_ro_blems Teghani ca] noise

contact noise

triboelectricity noise
)

E x r E tL r,4t L o u PLI /y hSD

R. DeSalvo Amaldi conference ll4 JuIy 1997
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Creep noise

-.AUSE
Dislocations inside single crystals

accumulate stress on

Crystal border impurities

Eventually will exceed stress yield point

all cf_fqlgls wiII shp-

Integrated continuous motion.

i e- lLtc(,/v b tt ot(ou

( nn c\o Sc o ?t ca;t,y)t, 83 E tLV/4 BLR

(n , c P. o SL oPt c 4 LLY J0SsiRvAEte
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Creep noise

Energy releases in the S.A. chain

can generate nano-seisms

Suspended masses are inexhaustible reserve of energy

Consider Crystal slippage t^-' l0-9 T'
ong single Crystal stressed near the metal yield
point of the metal contains (and releases at
s-lippage) energy equivalenr ro rhe dropping of
the suspended optical component by several pg

A pico-meter is a Mega-nano-[ano-ril€ter

Ir's the ttbig onett

R. DeSalvo Amaldi conference l/4 July l9g7
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t he creep noise mechanism

unst ressed crystals

s tress appl'ied.
elas tic s.train

diislocat ion drif t
concent rat es stress.
slow cont inuous
semi-elastic strain

typical g'rain size
5-1 0 microns

typical slippagie 10-1 00 nm

Pase I

-t
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Creep noise

The only ways out are:

a ) Infinitely small crystals

( gain with d3 but unfeasible)

frozen crystalsb)

b1)

b2)

freeze by cooling ,_.;-..i,r.:.'.

chemical free zlng

R. DeSalvo Amaldi conference ll4 July lggT



n.Lreep norse

Dislocations have activation energies

of few Kcal/mole

AE
FreQ.srippage =D g (Bq)

-

Creep Speed x 10 for AT = 5 - zg'C

Creep speed is controlled by the temperature

R. DeSalvo Amaldi conference ll4 July l9g7
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l\t .Lreep norse

Freezing crystals by cooling

Metal brittleness

Spontaneous fracture

freeze only high AE dislocations

low AE dislocations can still move and

generate catastrophes

R. DeSalvo Amaldi conference ll4 July lggT
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Creep noise

Chemical freezing of crystals

Precipitation hardened steel

Maraging

Fe+Co+f{i+Ti
-+ /-

High purity (no precipitation centers)

Solution stable in Fusion

Solid solution stable at

-Solid solution thermodynamically unstable <45OoC

in l0manY years would precipitate

.J-J

Ti-Co nano-crystals inside Fe crystals

R. DeSalvo Amaldi conference ll4 JuIy lggT



Solubilised form metastable at 20oC

At 450oC F'e C:ryl are stiltr stable but

Co, Ti, Ni atoms can diffuse

Precipitation process

at room

by lack of Co and Ni

about 't ol '

is impeded

temperature

diffusion

Fe crystalsinside

Every 30 nm a nang:crystal

otherwise un-perturbed Fe

typical diffusion distance 3Q nm

forms inside the

Crystal

n ano-cry stal s/Crystal

R. DeSalvo Amaldi conference ll4 JuIy lggT
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Precipitation hardened steel

{1qo-crystals

form

inside crvstals

dislocation drift l.Darrlers

Dislocations are trapped throughout the Crystal

Dislocations imoeded to reach the Crvstal border

cannot trigger Crystal slippage

creeDstoDs!!!
---.--

R. DeSalvo Amaldi conference 2lS JuIy lW7
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Precinitation hardened steel

After precipitation

creep shows

hardening,

logarithmic

Given our measurement errors

can be directly measured at

f ab- n4, lJ r ,E ) t'..\
-==:--

behavior l/s. f

creep

50-100 nm/day

I{eed an indirect measuremextt.

Need to suarantee much lower

R. DeSalvo Amaldi conference ll4 JuIy lg97
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Defences against creep noise

A)

MqgEgg_steel used in all stressed comjenenlls

B)

> 1 5 OoC baking of assembleJ attenuators

relieves excess stresses and

consumes all possible slippage

c)

If will detect problems with Virgo operation

further safety factor by chilling

No low temperature brittleness with Maraging

R. DeSalvo Amaldi conference ll4 July lg97
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Thermal movement noise and upconversions

if quantised fraction is 10- 6 ,/ : * -'' :

if thermostatisation

and if creep like ( t O- 
i z m) sreps

then thermal movement noise will generate

1 step / hour

but if quantised fraction is t 0-t

if thermostatisation

then thermal movement noise will generate

100 steps / hour

R. DeSalvo Amaldi conference tl4 Juty lgg7



Thermal moyement noise and upconversions

Filter motions of 300 Fm/oC

with a thermal stabillltof 10 mgK =),TI

3 lrm motions with a time scale of 3 Hours

=) 1 pm/hour

of this 1 pm/hour motion

\,{l
{
4i
a
el&

\i
\t\

q

.$

\
F
\
{
{

what fraction is

what fraction is quantiseql

smooth?

l0-3 ? 10-6

?
I

? 10-e ?

can expect :

creep like steps

larger steps (screeching noise)l

R. DeSalvo Amaldi conference ll4 Juty 1997



Precinitation hardened steel

Additional comparisons between

standard spring steel and

precipitation hardened steel

Comparisons of histeresis cycles on wires.

R. DeSalvo Amaldi conference ll4.Iu,ly tg97
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B6420 10 12

tlme(day)

y = a+b'log(m0+c)

Valuo Error
a . r 3.543 5.4837
b 13.214 3.3455
c 11.128 3.9894

Chisq 1564.9 NA

R 0.74596 NA
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0 2 4 6 8 10 12 14

tlme(day)

Y = il.b'log(mO+c)

Valus Error
a 7.3535 0.094554
b 5.8276 0.1 1 665

c 0.0037034 0.0028299
Chlsq 5337.4 NA

R 0.8274',1 NA
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Y = 8+b'log(m0+c)

Value F.rror
a 1 1.346 0.060988
b 7.8179 0.081742
c -0.98853 0.0041877

Chlsq 17 54.9 NA

n 0.95085 NA
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Tcmpcrature TgoC
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tlme (days)

Y . a+b'log(m0+c)

Valuo Errot
I 0r.f e 1 o,oin06s
b 6.41 r 4 0.050935
c -2.2695 0.008277

Chixl 409.32 NA

R 0.98063 NA
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Neutronised State
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Defences against Thermal movement noise

>cR-Et) cH///L //0t5E

Differential thermal expansion coefficients

kept to a minimum

All points subject to movement

made with flex joints

Best reasonable thermostabilisation

VtT&ft L0W HtsrERF.sts filrLRt,lLS

R. DeSalvo Amaldi conference ll4 July lggT
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