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27-Feb-09

SMALL CRYOTRAPS PROPOSAL (PART II): PRELIMINARY DBSN, COSTS, PLANNING,
MAN POWER

1 Preliminary design
Scientific motivations and vacuum features havenlmescribed in a first document, here briefly
summarized in tab.l.

Present document is to report about the remairspgas of the cryotraps proposed for AdV:
__cryogenics and cryostat design,

_induced thermal effects on mirrors,

_ diffused light issue

_ production plan, costs and manpower

All these points are described in the next pardwgapecifically for the ‘small trap’ option, and a
comparison with the ‘large option’ is also given.

Case Load from Water pressure at | Notes
towers (mbar.l/s) trap exit (mbar)
End tower venting and restart after 4 days of | 2E-4 [2E-10 All load goes in one
pumping trap
As above, restart after 2 days of pumping (as | 4E-4 [AE-10
now)
DT/IB tower venting and restart after 4 days of 1E-3 4E-10 Load is divided in
pumping the two traps , 5E-4
each
As above, after 2 days of pumping 2E-3 [AE-9
Long term operation, months from ventings 3E-4 1E-10 Run conditions
(central UHV + bench towers ) (Load is split
between two traps)

tab.l vacuum design summary: small cryotraps alewdated to allow the ITF restart after 50-
100hr of pumping a tower. In the tubes, the reslidvater pressure is maintained below 1E-9 —
5E-10mbar. At this level of vacuum, the water dbntron to the noise (phase noise) is comparable

with the other gases, and the induced noise israddilE-24 Hz"-0.5

Some presentations related to the document:
http://wwwcascina.virgo.infn.it/collmeetings/presatinns/2009/2009-02/AdV/Heitm_090203 AdVPlannirdj.p
https://workarea.ego-gw.it/ego2/virgo/advanced-wivac/discussion%200f%2003feb09/radiation-trap¥.pdf
http://wwwcascina.virgo.infn.it/colimeetings/pres&iinns/2009/2009-02/AdV/pasqualetti_030209.ppt
https://workarea.ego-gw.it/ego2/virgo/advanced-eivac/discussion%200f%2003feb09/links_feb03 2008/pp
https://workarea.ego-gw.it/ego2/virgo/advanced-
virgo/vac/discussion%200f%2003feb09/Cryo_vesselnthéranalysis_Cascina_feb_3 2009.ppt/
http://wwwcascina.virgo.infn.it/advirgo/biweekly/@8/2008-10/VAC/links _nov26_2008.ppt
http://wwwcascina.virgo.infn.it/advirgo/biweekly/d8/2008-10/VAC/081126_ crioeffects.ppt
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1.1 Small cryotrap mechanical design
There is sufficient space to install small cryograpbetween the tower and the existing DN1000

valves. Fig. 1 shows that the cryostat can be agghfrom the tower with a DN630 valve (650 mm

inner diameter). Adapter pieces of 100 (700) mngtlerare used to connect the cryostat to the input
(end) tower. Connections for the titanium sublimas pumps are included.

- Al m - N A\

Figure 1: Installation of small cryotrap at the wesput tower

The cryotraps have a cold surface with a length0@3 mm and a diameter of 21000 mm. Baffles
with suitable inner diameter can be used to scileeptical path between mirror and cold surface
(see Fig. 2). These baffles are connected withngpips to the inner cold surface. These lips are
welded to the inner cylinder. The best solutionthe diffused light mitigation is being studiedese

the dedicated paragraph. |
T E— T

— — —
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Figure 2: Small cryotrap with internal baffles fehielding the mirror from direct sign of the cold
surface. Internal baffles are shown as exampleadibility, the best solution for the diffused tigh
mitigation is being studied.

The cryotrap has a length of 3490 mm and an ougeneter of 1208 mm. It will be constructed
from stainless steel 304L. Reinforcement ribs astled to the outside of the vessel to avoid
buckling of the structure. The vessel is equippéd pump-out and service ports. Stainless steel

hydro-formed bellows are used to accommodate expans$ the structure. Fig. 3 shows details of
the construction of the cryotrap.
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Figure 3: Construction details of the cryotrap. Tésgansion bellows also acts as a heat bridge.

The inner surface of the trap is cooled with ligoittogen. The volume of the bath is about 200 I.
To minimize boiling and LN2 consumption, this bathhermally shielded from the outer surface of
the vessel by using superinsulation. Since therioold surface will move due to thermal
expansion (about 3.2 mm/m) with respect to therotdeuum vessel, expansion bellows are used.
These bellows also act as heat bridges that mieithiermal losses due to heat conduction.
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Figure 4: Transfer line connections for LN2 inletcaGN2 outlet. The red line indicates the
operating level of the LN2 bath.
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The connections of the transfer lines are showirign 4. The LN2 inlet will be designed such that
LN2 will flow smoothly into the bath, in this mammminimizing any induced noise from bubbling.
The liquid nitrogen level in the bath can easilycbatrolled within £10 mm. Note that the bath has
a sizable width of more than 300 mm. Again thisrgatees that bubbles have an easy escape path
to the surface over the entire length of the camtrA separate LN2 inlet is provided in order to
admit hot nitrogen gas in case rapid heat-up osthecture is needed. The cryotrap can be operated
for more than one year between regeneration, assumiload of 18 mbar I/s from the mirror
vessel. During this time a water layer of abouti¢ran will be deposited on the inner surface. This
causes the initial emissivity of about 0.1 to irgeto 0.2. This relative low value for the emiggiv
leads to an average heat load of about 250 W, esults in an estimated LN2 consumption of
about 3.5 LN2 per hour. This corresponds with ammeded gas production of 0.2 I/s, assuming 80
K surrounding temperature in the vessel.

In a ‘transient’ phase of commissioning operationsen towers are frequently vented , the growing
rate of the water layer will increase . Regeneratishall be maintained at the level of once per

year, taking into account an higher LN2 consumption

Some auxiliary equipment is needed for each trap:

__cryogenic sensors to monitor the temperatureiloligion and the LN2 level.

_vacuum gauges, to monitor the residual pressane the atmosphere down toifbar; also a
gas analyzer is needed for diagnostic .

__vacuum pumps / valves : a turbo-molecular punapdfy pump is needed for
evacuation/regeneration and Ti-sublimation pumpsaeded for the UHV service.

A bellows section is foreseen as connecting pieteden the trap and the tower, here 650mm of
inner diameter. Its size shall be verified if corapt with optical constraints, and enlarged if
necessary.

Finally, the installation of the cryotraps (andloir relevant valves) will require the modificatio
of the corresponding oven structures.

1.2 Thermal effectcs on TMs

The small Cryotrap solution, given the proximitylafge surface cooled to liquid nitrogen
temperatures with respect to the TMs, will induicerinal effects on the TMs themselves through
radiative heat exchange. The relevance of thegetsffin terms of structural and optical curvature
of the TMs, have been analyzed independently byN\IK@HEF and Roma Tor Vergata Groups with
finite element thermo-mechanical simulations.

The NIKHEF Group built a 3D model of the set-up WIEOMSOL. The scheme of the
model is reported in Figurkb.
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Figure 5: scheme of the 3D finite element model.

D. represents the inner diameter of the tagid length and Ly, is the distance between the
trap and the TM. R and t, are respectively the diameter and thickness ofTtle Two different
solutions have been modeled and analyzed, shoWwigime26:

e acryotrap 0.65m in diameter

» larger cryotrap (1m in diameter) with baffles alatsglength

Figure 6: upper figure the 0.65m trap with no bedtl Lower figure shows the 1m trap with baffles
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The results of the simulations are summarizedabld 1l as function of the trap diameter
and the presence and position of the bafflgsisRhe power emitted by the TM towards the trap,
AT is the average temperature decrease of the TMRaBho-opiiciS the radius of the equivalent
lens in the thin lens approximation.

D.(m) baffles Pm(W) ATH(K) Rinermo-opti€ KM)
0.65 no 0.42 0.21 120
no 0.8 0.43 60
b, 0.24 0.12 220
10 b,+b, 0.23 0.11 250
b;....bs 0.31 0.16 170
b;.....by 0.40 0.19 100
b, +b, 0.44 0.21 120

Table Il: summary of the 3D FEM results

These results have also been used to evaluat@we ponsumption of the trap (not
reported in this section).

The Roma Tor Vergata Group modeled the system avi2ld axy-symmetrical model with
ANSYS. There is only one baffle, with a diameter6ficm, placed 10cm away from the trap to
reduce diffused light noise. Figure 7 shows theesahof the model.
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Figure 7: scheme of the 2D axy-symmetrical therstaletural model

The resulting TM temperature map is shown in FegirThe output of the FEM model have
been used to evaluate thermal effects in termeeoptical Path Length Increase and change in the
ROC of the TM. Figure shows the OPL increase duihé¢ trap compared to that due to the YAG
power absorbed by the TM. It is possible to notiw the curvatures of the two OPLs are opposite
and that the absolute value of the trap OPL is Iscoahpared to that of the YAG. The change in the
ROC has been evaluated to be of the order of 2rall smmpared to an absolute value of the ROC
of about 1500m. This change is again going in tphposite direction of that due to the YAG
absorption.
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Figure 8: TM temperature mag.T is approximately 0.4K
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Figure 9: OPL increase due to thermal effects im M. The blue curve is the OPL due to the trap,
while green curve is the OPL increase due to treogtiion of YAG power.

Both analyses agree that the thermal and struatfects of the small cryotrap on the TMs
are negligible. Moreover, these effects have opeasgn with respect to those given by the YAG
power absorbed by the TM, thus giving a small helpCS.
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1.3 Diffused light
The criteria applied in Virgo to moderate the dsid light noise are based on the following
considerations.
The highest probability processes contributingittused light noise involve at least two scattering
(casual) processes plus one or more “reflectioatgianinistic) process: a photon impinging on a
mirror is diffused out of the Gaussian beam, thés lieflected by some (quasi)mirror surface
towards a mirror, where a successive diffusiondsim back into the resonating beam. Processes
involving further diffusions can be disregardedvihg a much lower probability. Diffused light,
due to mirror roughness, is expected at the lel20@pm for AdV mirrors, while it is estimated at
200 ppm level for present Virgo mirrors.
In addition to diffused light originated by mirrayughness there is that one produced by photons
belonging to the Gaussian beam hitting baffle edgesy other component limiting the aperture
left free for the beam. This last component mayaieamegligible keeping the free aperture radius
about 5 (4) times larger than the beam radius Gtfaithe Gaussian beam intensity fraction
travelling outside this radius is of the order 6f4(10%.
The present baffle configuration at the ends of\iigo arm tubes (between any IN/END tower
and the respective Large Valve) is sketched id@idt responds to the following criteria:

» the minimum free aperture radius is about 5 tiraegdr than the average beam radius

» any discontinuity (potential reflecting spot) oéttlacuum enclosure is hidden by suitable

absorbing glass baffles, with respect to the bgash@n any mirror
* no point of the smooth surface of the vacuum encsan be seen contemporarily by the
beam spots on two facing mirrors.

Moreover, in the main part of the arm tubes, betwte® Large Valves, all the inner surface is
hidden by conical stainless steel baffles, witlpees to the beam spots on the mirrors.
This configuration has proven to be largely safevingo. It has been impossible to detect any
noise enhancement on the dark fringe signal, elakiisg the tube ends order of magnitudes more
than the natural seism. This result remains trse far the input towers, where the baffle B6, close
to the mirror, has an aperture diameter of only 280.

A very similar configuration (Fig. 11) will be ches for the “Small Cryotraps” to be installed
between IN/END towers and the respective Large &al\fhe size of the additional valves and
position and diameter of baffles will be optimiaeidh respect to diffused light.

For comparison, a calculation, reported in appershews the contribution to diffused light noise
by a 1 mm reflecting spot on the inner edge of a baffle, dige to a chip. If this surface is oriented
in a way to reflect right to the mirror, with afdied light at the level of 20 ppm per mirror and a
seismic excitation of I0f? [m/Hz *4 the contribution to diffused light noise is 2%¥Hz Y at f =

10 Hz, and 2 18° HzY? at f = 100 Hz; always more than two orders of nitagie below AdV
sensitivity.

The calculation has been performed on the layJoodva in figure 11
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Fig. 10 — Present glass baffles configuration
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Fig. 11 — Proposed baffle configuration for the 3r@ayotrap. In the upper(lower) part of the

drawing is shown the 650(800) mm option for theitaalthl valve.
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1.4 design finalization steps
In order to complete the design phase and totstartall for tender and the executive design , the
following aspects will be concluded:

a) progress in the study of the liquid- vapour fimside the cryostat, with respect to acoustic and
mechanical noise given by developed nitrogen busbple

b) evaluation of a simpler and cheaper cryostathalying a metallic shield (made by aluminum
for instance) thermally anchored to a reduced ISN2 reservoir.

C) optimization of the trap geometry versus theagconstraints, including the size of the optical
baffles and the evaluation of diffused light noise

Our plan is to complete them within beginning oi.@0

2 LN2 supply system

Factors considered in the selection of the mogsakia liquid nitrogen (LN2) distribution system
are ease of fabrication and handling, reliabikdgfety, and, of course, cost (both initial invesiime
and running costs, including maintenance).

The adopted reference design is a “standard” bigion plant based on large storage vessels (one
for each trap) and vacuum insulated lines. Theslocmuld also include an intermediate annular pipe
for collecting cold vapor to reduce heat leak b2 (see

Figure 12).

Transfer line

Cryotrap

Figure 12. Schetch of the LN2 supply system. ®rester line contains a path for nitrogen vapour
to reduce heat leak into the liquid.
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The estimated overall heat leak into the small ttaywis in the range of 300 W (see par 1.1).
Typical losses of the transfer lines can be esgeohasing the empirical relation Q ~ 380 W/(m torr)
[R.R. ConteElements de Cryogeni&970] that rates the heat load with the line ferand residual
pressure in the vacuum insulation. For a 20 m lergwith an insulating vacuum of FGorr we
getQ~76 W.

Losses of the storage vessel are typically in tege 0.1-1% per day of its content [K.D.
Timmerhaus and T.M. Flyni§ryogenic Process Engineering989].

Taking some extra safety factor we can estimatei@er limit for the overall heat load of 700
Wi/trap (for 10 000 | vessels), corresponding tayaidl nitrogen consumption of 350 I/day per trap,
and to 1 400 l/day for the four traps.

With 10 000 vessels and these consumption rategefiieng of the exhausted LN2 should occur
once per month.

Being standard plants their safety and reliabghguld be granted.

3 Comparison with the ‘large cryotrap option’

Small traps are preferred for minor cost and ferrtiuch easier installation, not involving to open
the 3 km long tubes by cutting out 4 welded modules

A list of benefits/drawbacks of large traps is $tically reported in the following:

* _ vacuum performances: the gain on water presshies wsing large cryotraps is less than 1
order of magnitude, corresponding to a much redgeédin terms of phase noise , because
the square root dependence and because the cantrgaf the other gases. The impact on
the AdV sensitivity is limited.

* _ thermal effects given by the large traps on msreve less important (about one order of
magnitude), anyway the small trap option is allowd@bo

» _ optical constraints: in the large trap optionfiiee aperture can be larger than 600mm.
Glass baffles of 600mm will be anyway installed; ifas at present), to limit diffused light .
Normally it is not an advantage.

» _ diffused light issue: the situation for the latggp is not obviously better, to be studied in

both cases
* _ LN2 consumption: slighty larger for the largepsanot significant.
 _ Env. Noise emissions: being far from towers, weld pay less attention to avoid the

noise from ‘liquid nitrogen bubbles’. On the comyrdhe LN2 evaporation will be larger,
because the increased heat losses.

* _ Regeneration period: it should be not signifibaxifferent for the two options, being
practically independent from trap length.

 _ Production:
Some parts of cryotraps (new parts of stainlessl sbgposed to vacuum and operating at
room temperature) should be ‘fired’ (heated at 400CGair for about one week). This
treatment will be normally done in factory durinigetproduction phase, unless we will
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consider to perform it on site to save money. dBse the handling difficulties, these
operations will be more simple and economic for‘sineall traps’.

__costs: extracost for the large option is at I18a8keur, see the below table

Deliverable Cost

4 Large Cryotraps 4 Cryostats complete with agoessories ............... 600 keur
External contracts and tools for installation (1thar2tech x trap, with big
cranes and qualified welding expertise) ..................... k2or
ImVatValves ..., 560 keur
TOMAl coe i s 1280 keur

tab.lll costs for the large cryotraps equipment

__manpower: A specialized external company is neééalethe installation of the large traps.
They will provide manpower and special equipmenthsas large cranes to handle the
cryotraps. Welding expertise is also needed. Thenaatic robot for welding and nibbling
the tube modules would be restored after a pragqualification phase.

_ planning : with large traps, the 3km tubes sbalented, and re-evacuated after the trap
installation. Subsequently trap tests can be pesdr

Hence the installation must be completed at leasbBths before the ITF restart.
Furthermore, as predecessors, civil works are meeédeprepare the foundations of the
auxiliary large valve, to be done before the inatan of the cryotraps, and after the tube
modules removal.

_ Risks: are significant for the large option. Tlaeg connected to the opening of the 3km
tubes, cutting out and reinstalling by welding Bdumodules 10m long (handling
difficulties, pollution, leaks, involvement of ext&l companies in the installation plan).

Risk 1: tube cleanliness spoiling

Both tubes shall be vented, the 4 end modulesway and replaced by new large cryostats
10m long and auxiliary valves that must have a amalgle cleanliness. Each tube shall be
in air for a few months.

The contamination risk is among the first hazard Wargo vacuum system, being an
accidental contamination not easily recoverable.

Risk 2: external contract management

A contract with an external company for 8 monthadivity is to be fit into the AdV
schedule, matching with concurrent activities. ilt stiff the general schedule and will
require management effort.

Change of schedule due to various reasons suaflagsdn traps delivery and tests or
variations of the general plan, due to internaltic@ency, can lead to difficulties in contract
management.

Extracosts and delays can be expected, probaisilgyite high.

Risk 3: large trap is not dismountable

It is difficult to modify the large trap in case éed to change any detail, for instance the
position of optical baffles. The probability of $hoccurrence seems quite low, but it is also
true that we will not have prototypes fully studiespart the experience on LIGO system.
To modify, or at limit to replace the cryotraps]lwequire external company and special
tools, high costs and months of itf stop.
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4 planning

The sequence of construction stages of the cryoigap
- Preparation of specifications documents, Caltéoder
- Contract assignment and executive design

- Approval of the executive design

_ Prototype qualification and acceptance

- Production and follow up of the production

- Acceptance tests and reception

- Installation

- Tests on site

The different steps are described here below, grdup three parts: ‘finalization’, ‘production’ and
‘integration’

4.1 design finalization, call for tender

preparation of ‘technical specification docs’: glme2010
call for tender and contract assigned : withia@0
approval of the executive design (prepared by @Gaoixr)

and start of the production within 2010

4.2 production
Estimated production time for 4 traps = 14 mon(Bsnonths for the first one )

The prototype qualification is included in the punotion phase: the first of the 4 cryotraps shall be
completed and qualified in factory before procegdiith completion of the remaining 3 units.

1% trap tested in factory in mid of 2011
then production of the remaining three ones,
all traps on site at beqin 2012
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4.3 installation

installation time= 1.5 months/trap , made in segaer 6 months.

During the installation periods the tubes shalhbeavailable (valves closed).

Constraints:

» Installation shall start after the ‘towers displaent’, together or following the links
installation. The ‘small trap’ can be handled wsdime (or similar) tools and manpower (mainly
internal) used for ‘enlarged links’ installation.

» Installation must be completed at least 2-3 moh#fere ITF restart, to leave this additional
time for a first running tests of cryotraps.

» bake-out could be done after cryotraps have bestalied . It will take about 2 additional
months, during which the arms are not available)(tiBaking shall be performed when
convenient for commissioning activity , budget anthnpower reasons, not necessarily
immediately after the traps installation.

A general planning of AdV project is being prepabydhe technical coordinators, here in a
preliminary version :

http://wwwcascina.virgo.infn.it/advirgo/protectedas/AdV _plan.pdf

(It is a first version, to be updated with presgesign options and estimated time schedule ).

4.4 operation and maintenance

The principal maintenance intervention of the agps is the ‘regeneration’, which involves a stop
of the interferometer for a few days.

A precise regeneration procedure is being prepared

5 Costs

The estimated costs of ‘traps’ and related access based on budgetary offers received from
relevant companies . Taxes are excluded, main gpate are included. The cost is referred to a
‘small cryotrap’ configuration with 800mm size vak; conservatively.

At the present we consider that a 20% contingeasytb be added to the quoted costs, in order to
compensate for undefined parts of the design.

Following special ‘ items’ are excluded from VACdget

o Infrastructure : preparatory works for the liquidrogen dewars have to be provided outside
central and terminal buildings (area preparatioaggeéments cabins, electrical power
distribution) . They are not included in VAC andalitibe within IME.

o Bake out: the bake-out equipment is already exjstamd installed in present Virgo. No
production costs have to be sustained, apart foswnables: ‘fuel’ and power generators to be
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rented during bake-out. It is an approved featureViogo and should not considered an
additional cost for AdV.

Cryotraps O Yo 1 - o 500 keu
External contracts and tools for installation.............. 50 keur
800MM ValVeS .......coiiiii i 360 keur
TO Al L 910 keur

LN2 plant Piping and cryo equipment, 4 units, .................... 200 keur
Concrete-infrastrucutre installations (IME).............. 40.keur
Total oo 200 keur

Vacuum equipment Additional equipment for 4 trépsaters, turbo+drypumps and Ti
SUBIIMALOrS) .. e e 160 keur
RGAs and vacuum sensors for cryotraps..................... ark
Total oo 240 keur

Bake-out Feature included in present Virgo..................ccu... 300 keur

tab.IV costs summary

A first estimate of the running costs is also given

Based on a preliminary offer by the local LN2 sypgdmpany (SOL), quoted at 0.2 eur/liter, the
cost for an overall consumption of the order of@#6r/day, including the contracts for 3 dewars
10000liter ‘in comodato’ would be around 10keur pemth.

To be remarked that the quotation got for the LN@pdy is a preliminary one, possibly improved.

6 Manpower
Time duration of construction and installation pFsasre summarized in the below table, which
reports also the internal manpower needs.

Deliverable Phase Duration M anpower
4 Cryotraps Production 14 months 0.5 Mech E
4 Cryotraps Integration 6 months 0.5MechE+da8 T+ 0.1 P

Tab.V Small traps manpower

A mech. engineer shall be needed for half of hisetifor the production follow-up, while the
installation on site shall be performed by one eeer (50%) plus one technician (100%) and an
external company for support ( handling , dismauntold links and installing new traps with
cranes, ...).

The external company (2 people) shall be needed foral period of 12 weeks .

1.5 months are envisaged to install a trap. In itistallation activity is considered also the
evacuation (1 week) and the cool-down of each (ttapeek) .
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Further manpower: a physicist (10%) for bafflesifpamsing and check, and one additional vac
technician (50%) for special installation activ@ti@pumps installation...) and vacuum tests (leak
tests...).

The LN2 plant installation shall be entirely done dxternal company under the supervision of a
technician (50% during the 4 months foreseen feriistallation).Some preparatory activities shall
be carried out by the EGO infrastructure team (@r&gon of external area for LN2 tanks).

Also the procurement of the large valves will regua proper follow-up of the production. An
additional manpower effort shall be required.

About bake-out , the manpower need shall be covieydadternal staff, in the hypothesis that bake-
out will be performed when principal AdV construets activities will be over . (Tubes can be
baked when necessary for sensitivity or converf@ntommissioning plans).

Proposed construction responsibles:

1) Cryotraps NIKHEF
2) LN2 supply plant INFNGE
3) vacuum equipments EGO

4) Thermal effects on tests masses ROMA2

Task 4 is to be added to the construction actaziteconstant verification of the thermal effeats o
mirrors is needed not only in the present phasealso along with executive design and during the
phase of tests on site.

During the installation phase works and respons#sl shall be normally shared with Ego teams
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7 Appendix
Jean-Yves Vinet

ARTEMIS-OCA

Observatoire de la Cote d’Azur ( Nice, France)

February 24, 2009

Abstract

Glass baffles in the ervotrap region and scattered light issues

1 Introduction

Installation of small aperture glass baffles in the links between towers
raises questions about the scattered light noise. I try to make rough
quantitative assessments of the level of noise. The theory has been
presented in [1],{2].

Recall that the scattered light noise (SLN) is a second order process
with respect to scattering. The different channels begin by emission of
scattered light off a mirror, a more or less complicated path involving
specular reflections, and a second scattering on a mirror (possibly the
same one). We neglect third order scattering involving a rough surface
on the path, because firstly because that kind of surface is systemat-
ically hidden by the baffles, and secondly becanse even for ordinary
surfaces (stainless steel, glass or other), unless a special treatment is
done (gratings), the scattering rate is low.

In the present case, the only feature adding a new channel to SLN
is the presence of small aperture glass baffles. If, as already said, we
neglect effect due to scattering by the surface of the baffle itself, The
only dangerous process is a specular reflection on the baffle,

Such a specular reflection on the flat surface of a baffle cannot cou-
ple back the scattered light to the emitter mirror, because it escapes
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the mirror's aperture, but it is necessary to check that nothing in the
mirror’s environment (reference masses...) is able to redirect the light.

This being assumed, the remaining channel is a reflection of some
scattered light coming from the far mirror off the inner surface of the
edge of a glass baffle under quasi grazing incidence. This is what we
study below.

2  Theory

We consider light scattered by a far mirror at L = 3km, and a specular
reflection on a reflecting element (RE) of size a (some small area on
the inner edge of the baffle). The reflected light could reach the close
mirror if the baffle is not strictly orthogonal to the optical axis. The
reflected light is phase modulated by the motion of the baffle, then a
second scattering process couples a part of that light with the main
beam.

The elements we need are respectively the distribution of scat-
tered light, and the spectral density (SD) of excitation of the RE. The
distribution of scattered light has been widely studied through mea-
surements at SMA-Lyon, and found to obey at angles larger than the
gaussian aperture of the beam, a law of the form

K
rl) = 5

p(f) is assumed normalized in such a way that

-3'2
/ plf)sinddf = 1
Jo
We denote by ¢ the rate of scattering (the scattering losses of the
mirror). A conservative value is ek~ 10—6.
The SD of displacement noise of the moving RE is assumed iden-
tical to the seismic noise :
v 8 /s [10Hz]?
X(f) = 10 mHz "2 [T
The SD of h equivalent to SLN is given by the following (detailed)
formula :

hf) = ,A“f{ﬂw@u@‘s} o

o ;) O X(f) = 2v(a.0,,0,)0p X(f)
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where a is the size of the reflecting element, #; the angle under which
the close mirror is seen from the RE. 6, the angle under which the
far mirror is seen from the RE. fp is the angle between the incident
or reflected ravs and the surface of the RE. Essentially, 0p = 6, /2.
v(a,8,.8,) is the coupling coefficient, and is obtained by an integral
over the area of the RE of the product of the speckle autocorrelation
functions of the two mirrors [1]. We give the result without proof :

, €K ,
(a,0,.0y) = ———— Sla)Fla)
( ) 2nd Lo, 6y )
d is the distance close mirror /baffle, L is the distance far mirror /baffle,
S{a) the area of the RE, and F(a) a form factor. if we take 8, ~ H/d
and 6y ~ H/L, where H is the aperture of the baffle, we have simply

15
a,0,.6,) = §ex. 5(? F(a)

where Sp is the area of the aperture of the baffle.
All this put together gives the final formula :
S{a) H X(f)

7 Qi wiiy () e A
o Sp {G)Qd L

I

hif)

3 noise

In the case of a circular RE, we have a form factor pratically unity for
a < 0.1 mm, then falling as 1/a (see Fig.1).

We may give an example for @ = 1 mm, (then F(a) ~ 0.1) for the
baffle installed at d ~ 5 m from the close mirror

¥ 9

h(f) ~ 1072 Hz /2 g*“f“” “
this assumes that the RE’s surface makes an angle 85 of about 1.7
degrees with respect to the optical axis. It seems not impossible to
have such situations, owing to the alignment procedure of the baffles,
and to the unperfect quality of the inner edges.

This relatively good result is mainly due to the grazing incidence
which reduces the phase modulation at reflection (the factor H/2d).

The results would be worse for the two other baffles, but the angle
for having a possible specular reflection is much larger in those cases,
and thus, unlikely.
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Figure 1: Form factor
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