Aug./17/2018 VASSCAAS

KACRA

Molecular layer formation on cooled sapphire mirrors in
KAGRA Japanese gravitational wave observatory

Kunihiko Hasegawa
ICRR, The University of Tokyo

Tomotada Akutsu, Yuki Inoue, Nobuhiro Kimura, Yoshio Saito,
Toshikazu Suzuki, Takayuki Tomaru, Ayako Ueda and Shinji Miyoki

JGW-G1808704



Aug./17/2018 VASSCAAS

Contents

® KAGRA - Japanese gravitational wave telescope

® Overview of the KAGRA vacuum and cryogenic systems
® Molecular adsorption on cryogenic objects

® Experiment and results

® Impact for GW detectors

® How can we tackle adlayer

® Summary & Future prospects



3 Aug./17/2018 VASSCAAQ

Grayvitational wave and its detection

Gravitational wave (GW) 1s the
wave of space time.
It can change the distance between

two objects.

GWs can be detected by the laser interferometer.
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KAGRA - Japanese GW telesctpre URA

KAGRA
* 3 km DRFP Michelson Interferometer

Key features :
* Underground - To reduce the seismic motion

* Cryogenic sapphire mirrors - To reduce the thermal fluctuation of the mirrors

- Cryogenic
Input Mode Cleaner : . . .
: | : sapphire mirrors

Signal recycling :

B3 -2
KAGRA «.Mé éOutput Mode Cleaner
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Overview of the KAGRA cryogenic sy'étém RA

Cryogenic sapphire
mirrors ~20K

Credit : D.Chen Ph.D-thesis(2015)

8K & 80K radiation 4
shields |
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Cryo-pumping effects

The vacuum residual gases are collected by cryogenic surfaces.
->The KAGRA cryogenic system works as a cryogenic pump.
Cryogenic 1s a good technique for better vacuum condition.

Pressure Temp.

Dry-pump
3 Molecules are collected by cryogenic

ducts, radiation shields...

and MIRRORS.
Turbo-molecular P e
pymp AN A number of adsorbed
Cryo-pump ‘molecules make an adlayer

on cooled mirror surfaces. |

Time
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A growing adlayer and reﬂectail(che
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RA

What is happen if there is a growing adlayer?

(1
growing d (2
adlayer (3
(2

)
)
)
)

O
O

O

dan

=0 -high reflectivity (Original)

=A /8 : low reflectivity (Destructive)
=A /4 : high reflectivity (Constructive)
d (3) are repeated.

Optical thickness : d =n x |
n : Refractive index

| : Thickness of a adlayer

Reflectance of a mirror changes
depending on the adlayer thickness
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Adlayer coating effects

Reflectance
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Py Fresnel coefficient of a adlayer
P Fresnel coefficient of a HR coating
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Measurement ot an adlayer formation o A

on a cooled mirror
* The rigid FP cavity was set into the KAGRA cryostat.

* To evaluate the finesse of FP cavity, the transient response of FP

cavity was monitored for 35 days.
*Finesse : The sharpness of the resonance of optical cavities

-
N

To. output l TS /2
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PDtrans o g
% Vacuum Chamber 5
di c4d
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KAGCRA

Measurement conditions

iy K
Thermometer )

5 8
_k:
ol

Vacuum level and temperature

TIK]
300

r =T ‘..f'..‘"—'!--x-u.

-

A Pressure gauge :
1 Im away from the cryostat

Vac. Pressuré:6x1OtT[Pza ] 31 Cryo—purr
8K shield : 25 [K] O 1< Fressure

| — Temperature(8K Shield)

80K shield : 90 [K] [ - = Temperature(80K Shield)

-6 - - Temperature(Duct Shield)

Duct shield : 110[K] 10 “‘(‘)"1 e L L LT
FP cavity : 47 [K] | -

Time[hour]

1200

- lurbo-pur

14100




15 Aug./17/2018 VASSCAAS

The species of residual gas KAURA

& Mass spectrometer
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* The layer forming rate is
27.1 £ 1.9 [nm/day]

* The mean of the real part of

| refractive index 1s 1.26 + 0.073

* The mean of the imag. part

of refractive 1ndex7ls
2.2x104+1.26% 10
This value corresponds to

16
The result of finesse measurement
05000 . e o Data || Fitting results
—  Fitting
50000
3 ’
O 45000 |
<
LL
40000
Vi mp.
35000 100IK] 47(K] 300[K] 2.6+ 1.5 [1/m] of the

20 -10 0 10 20 30 40 50

Time[day]

absorption coefficient.

*Finesse : The sharpness of the resonance of optical cavities
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The simulation

Monte Carlo simulation by Molflow+

_ Ni : Number of particles injected to a duct
NI Nt Nt : Number of particles coming through a duct
_—  P=Nt/Ni
Conductance and trans probability
C=CO0P : Conductance
Pl Qv P2  Qv=C(P1-P2) [Pa m3/s]

Q=Qv/ kBT [1/s]

Cond. [m3/s] AP [Pa] Dep. rate Eep. Result

0.162 1.26x107{-5} 19.2 nm/day 27.1nm/day

. . The adsorption probability at
Pumping speed : ~2700[1/s](H20) ervogenic fegimﬂ 0004 y
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The sensmVlty of KAGRA KATRA
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How can we tackle adlayer?

(1)Higher vacuum

—Higher vacuum (lower pressure) lead to less number of molecules
inside the vacuum chamber. <
In order to decrease the number of oscillation, 10 [Pa] of vacuum pressure
at the beam duct 1s required.

(2)L.onger and lower temp. cryvo-duct

—Effective conductance will be smaller. There 1s a possibility that
current temperature of the cryo-duct makes 1t easy to adhere the
molecules to cooled mirror surfaces.

(3)Forced desorption

—Several forced desorption methods will be tested.
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Summary & Future prospects

+ Cooled mirrors suffer from the contamination of vacuum residual gases.
- As a result of contamination, the reflectance of a mirror is expected to
change and decrease depending on the thickness of an adlayer.

- To measure the adlayer effect, the rigid FP cavity was introduced to
KAGRA cryostat and its finesse was monitored for 35 days.

- Measured accumulating speed in the KAGRA system is 27+1.9[nm/day]
and it's likely due to water molecules.

- An adlayer largely affects the sensitivity of GW detectors.

- Further discussion is necessary from the point of view of noise, controls
of GW detectors etc:--.

- Several forced desorption methods will be tested.
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Thank you for your attention.
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Back up slides
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Grayvitational wave and its detection

Gravitational wave (GW) 1s the
wave of space time.
It can change the distance between

two objects.

GWs can be detected by the laser interferometer.
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RA

Vacuum pressure inside a cryostat
becomes quite good, but still there are
many molecules in a beam duct and
they move to the cryostat.

Cryo-pumping on cooled mirror surfaces

log10
i IGI d ' \ \ \] Y — !Vxx |
The number density of vacuum — \ Vo \ evi |
] ;. < 12 0.5 [eV]
residual molecules : ~2.5x 1 OA[1/m ] O \ \ \ \ . Ez}
@ P=1.0x1 66 [Pa] -lé 8 \ VN \L—_o.03evi]
Y 7 NEARIA
4
’ 2 \
T 40\ \ A\
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Potential depth:W r + -4
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I: -8 | \\ \ \\\\L
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KAGRA sensitivity & contamlnatmn

KAGRA sensitivity N Nhiiiliaiban
Quntum noise will limit the KAGRA
sensitivity for almost all frequency.
To archieve the final sensitivity,

reduction of optical loss inside the

—n

L o
- A
-

Sensitivity (1/riHz)
S
|
w &
/7f
- .',.00000000
:.‘.‘.'m—
S
QO

p—

o
N
w

—

o
b
i

A
M

-
o

arm cavity Is important. " Frequency ()
Requirement for KAGRA arm cavity is -
diffraction —The loss margine for
defeCtSﬂgure\Tmal:] 00PPM 7 rnese requirement will be
B o scaterng € e few=10ppm

(coating_— —

Furthermore, optical loss due to contamination will be added.
A study of cantamination in GWD is essential to archieve final

sensitivity and characterize well.
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<icAdsorption of molecules

potential depth - W When molecules hit to the cryogenic matter
surface, molecule will decrease its enegy and
be trapped by surface potential.
IW
Actual potential depth i1s hard to know, but It
~... may be about 100kJ/mol.
os1ev || Calcultion for various potential depth.

- Nl | 0.3 [eVv] |
o lyear\ A\ T ol T=Toexp(-W/ksT) [1]
‘ To~ 10213 [s]

Evenif itis O.1eV, at 20K ,it will takes more
than 1 year to release from the surface
I potential.
. ~_ | |~ ~_" | These adsorped molecules will form layer.
" 20K TersperataeiX

[1] https://www.jstage.j '

thermal vibration

for deposition [s]
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o <

Time
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article/jvsj2/56/6/56 _13-LC-018/ pdf
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What is the cryo adsorption}{?‘% RA

Cryo adsorption(cryo pumping effect)

« When molecules hit a cryogenic matter, ® ®
molecules lost these energy and catched ®
by surface potential. ® ®
o

« One of the famous tequniques to
archieve ultra high vacuum.

KAGRA & next generation KAGRA E, 7}/ = i\?f |
GWD will use cryogenic : ;.5;;;'/ T 4 o
mirrors. Vacuum residual 123K - 1< AP T
gas will adhere to mirrors :' ,i,} /j: ///:/"/
surface and cause Jum i AT -

i / A7 7

refractivity change. [ — P E— -
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RA

SR

Input and output optics

PDtrzns
: g D l] g AFHFER
CCD

beam profile

Periscope 1500 /h\
= :ocv/\/ v/
Peo.., : 1 |\/ |
: »m — f/\ |
2 Beam dump ::f=200 .Ien;Z f=3 ‘ N
2 Lens I: f=150
E | j,:, H AOM ‘2 target : 360[um]@z=3800[mm|
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Influence for the GWs detector

A molecular adlayer changes the reflectance

of a FP cavity deper.wding ?n Its thickness. contamination starts at the
->How power recycling gain changlis? same time for ITM and ETM
_ _ 14 ﬁ
Power recycling gain ﬁ ﬁ
£13 ”
t 20 | |
R T '
1 — 5Tprm (Tipx + Tipy) g 1 | H
R f G /| | N
[prm . Transmittance of power ff 10 U L n ﬂ
recycling mirror 9] U 1
2 Al
Form  : Reflectance of power = U U | u
recycling mirror 8 V
7

0) 50 100 150 200 250 300 350
Time[day]
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Pressure distribution

l — Yart | — O ]
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HESGERE : ~2700[1/s](H20)

Estimated pressure
P1~1.26x102{-5}|Pa]
P2~8.75*107{-13}[Pa]




KAGRA Vacuum Sge;m 130215 VAC (YS)

I, O, F, E;Input, Output, Front, End

1. Layout

¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢

A Auxmary optlcs

T : Transmitting

C : Cryogenic

V : Vibration Isolation

MC : Mode Cleaner

F| : Faraday Isolator

MM : Mode Matching Telescope
PRM : Power Recycling Mirror
PR2, PR3 : PRC folding mirrors

Type C chamber SRM : Signal Recycling Mirror

—
(1.2, 1.5 min dia.) . IYA SR2, SR3 : SRC Folding Mirrors

BS : Beam Splitter
+D-
fistack + D-Pendulum// REF : REFL , Reflected Light detection

| © iyc  GPO:GPOP, Green laser injection and POX, POY
@ | A 3000 m
-

IFl  IMM

GO0 ——OOC
IMC @ @ @ XC -~ R

EXV
P T™P %

FLP

Type A double chamber
(2.4 and 1.5 min dia.)
/IGASF + I-Pendulum + cryogenic//

Type B chamber
(1.5 mindia.)
I/GASF + |-Pendulum//

/foptical baffles at every 12 meter
/f/pumping unit at every 100 meter
OMC

—
OMM . two beam tubes of 3-km long and 800 mm in dia.
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RA

Reflectance of the mirrors and the arm cavity

Depending on the thickness of an adlayer on ITM and ETM HR coating,
the reflectance of FP changes.
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