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Simulation/Noise Estimation
for designing baffles

See details: https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/private/DocDB/ShowDocument?docid=8483

Fomulae related to the ray trace

Let's start with Flanagan+'s formula:
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This coeffiient is a constant of frequency; should ~ This integration is related to the ray trace; in short, it corresponds to the net amount of ( \/ Ps Sin (f)s)‘
be replaced with a modern(?) transfer function.
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The behaviors in the lower freq range are due to

radiation pressure by the stray light photons 4 Relatlng to ray trace

2018 July 13 JST

A more useful form for the ray tracing is h(f) — lG(f) Po (\/ Ps S qbs)
L Pin \//P_O

PO is the power illuminating the primary scatterer (for example, a cavity mirror) in the area to be considered; in the arm cavity of
KAGRA, PO/Pin = 5000 would be assumed. Now the term Ps/P0 also becomes just a ratio without unit.

Note that phi_s is a function of frequency as well.
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Monte Carlo rays from the sapphire mirror

#2 Cryo-duct shield

Software: LightTools

#3 Narrow-angle baffle

Modeling and simluation by Genesia corp.

Output 1: irradiance map

As the rays cannot be intereferred, the map images would be fakes.
Receiver 1: irradiance map (reflected-back stray light)
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Note: the input power to this model is assumed to total power of 1.

Total power 13.15 ppm
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Note: the tables were not automatically produced... manually!! at that time (by Genesia corp).
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Receiver 2: irradiance map (transmitted stray light)

“Less than 0.001 ppm”
2018 July 13 JST
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Post-processing

Taking summation of each cell in the table to get /s din

\/P()
the following treatments.
* Number of bounces = in short, the phase fluction term will become n-times (coherent) or sqrt(n)-
times (incoherent).
* Incident angle > weighted by the recombination probability; it would change with respect to the
incident angle to the mirror

with

dQm,

N
> 8£,(0,m) (2kné(£))?
1

2] : 3 n

|_| /ilncident

From the irradiance table ‘

When the scondary scatterer’s
displacement is very small (for
simplicity).
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I_I Recombination
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where assuming | d P y dP ,

= 72 = 715 € Well, theoretical speaking (“reciprocity relation”), they should have the same form, but...
dQs  6* dms 0
From the light souce
0.0025 deg<6<7.95 deg
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Flanagan+ eq (3.3): recombination cross section

omp(0) = N2—— dp
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Stray li ght ray

angle




(Cont’'d)
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4Ll — Al not polished

* Vacuum compatibility: < 107 Pa .
* As low reflectivity as possible at 1064 nm Z2r
* Industrial applicability for large areas up to ¢o 800 mm :
1_ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

» (ryogenic compatibility: < 80 K _ S S DU DU S DU S DU DS S
* As low reflectivity as possible for 300 K radiation (10 um) LHuGUR ORI velongth [ﬁ oo
s avelengt

» Applicability to aluminum
KAGRA

- Black nickel plating for middle and large-size baffles il

-
.......
-
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...................................

T. Akutsu+, Opt. Mater. Express 6, 1613 (2016) 6
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Baffles in KAGRA arms

4 90° 6° 1° 70~40urad )
Scattering angle } I { } } >
00
. ___________________________________________ Scattering angle .
#4 %2 o ¥3
N Y,
Cold region

#3 Narrow-angle baffles

#2 Cryo-duct shields

#4 Wide-angle baffles T. Akutsu+, Opt. Mater. Express 6, 1613 (2016)
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Arm-tube baffles
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Narrow-angle baffles (NAB

Installing the NAB into a chamber.

At the Advanced Technology Center (ATC) in NAOJ.
Assy of the NAB and its suspension.

-
-

w
e
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View from the sapphire mirror View from the arm

With four PDs
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Wide-angle baffles (WABs)

* To be cooled down ~ 15K without IR beams

« Over 4W input from the mirror >
heat up to ~20K or so

Design: ATC/NAOJ

Inside: black coated
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Sapphire mirror Cryostat 8K shield

From14 m above

12



Installed in the cryostat
‘ f""'FH '
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Response to heating

T
IY 8K-shield side

IY 4K cooling bar ref-1 7
IY WAB frame

Test: cool down to only 20K * |mprove d

o 20180428 tesil ' http://kloglicrr.u-tokyo.ad.ip /osl/2r=4880
20180428 test2
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Ghost beams in the center area

* Blue rays: made from a light
beam shooting BS from the PR3 \ P
side. TMY 7
* Red rays at PRC: made from a ,/
light beam shooting PR3 from 7
the BS side. ,’
* Red rays at SRC: made from a ,’
light beam shooting SR3 from ,/
the BS side. ’
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SRM Note: to avoid unnecessary multiple re'ﬂections of the \\
~— ray beams, some virtual absorbers are inserted.
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SO muCh hOSt beams... See JGW-E1910040
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In total 21 beams are drawn
dpr 09, 2019 entering and exiting BS.
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Mid-size baffles

* To catch ghost beams in the center area (BS, PRC, SRC)
e Each a few x 10~100mW

Some examples:
'l! For SR3 HR side
k

)
/

For SR2 HR side

Drawn by N. Hirata

Note that all the sliver-ish parts will be also blackened later.
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At the Advanced Technology Center (ATC) in NAOJ

21
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Input optics (IMC)

Input mode cleaner
Y DN 7.“\
\\ S
N
. 1

¥
* Shields mainly for safety 9\ i
* The other beam dumps e shoun
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Input optics (IFI)

Input Faraday isolator

KGS5 or SiC Pla

)

Beam dump for S-pol beam

|« £ LK1 0OEE
\

e | BEA—
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https://klog.icrr.u-tokyo.ac.jp/osl/?r=15543

ork Of

- KAGRA's large baffle design: a h
» partly by Monte-Carlo ray trace
» partly by theore ical(?) calcs. [e g oJsF:
» partly by congif"_
- Need furtH

« Materials:

* Ni black plating = Large size baftles/shiel

« KG5, SiC -> beam dumps T A e {‘*"*“”

ulation]

27>

« Until O3: most of the baffles in the msﬁave been installed.
« By O4: cares for the central part will be done.




