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KACRA  Gravitational wave

Einstein’ s Theory: information carried by
gravitational radiation at the speed of light

‘ Gravitational waves!

Coalesci t binari N

oalescing compact binaries v e
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Non-axi-symmetric
supernova collapse

Non-axi-symmetric pulsar (rotating,
beaming neutron star)
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> Detection of gravitational wave using
KACRA  |aser interferometer

GWs move mirrors differentially.
We measure the distance between

Q<—O mirrors using fringe of light.

Expected length change by GW :
:L‘:l—-’\lv ~1X1O_19m

Screen

Laser
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KAGRA Network of GW detectors |
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_ LIGO-India in proposal '

LIGO-Australia in proposal




<+ Underground Kamioka mine, Gifu prefecture. -
e ~250km away from Tokyo.
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KACRA  KAGRA tunnel entrance (New Atotsu)
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KAGRA  KAGRA tunnel entrance (New Atotsu)
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Low temperature operation at KAGRA to
reduce thermal distortion

Polished S& ;
JGW-G1301851 of 200-mm diameter



Presenter
Presentation Notes
OK, what is cryogenic payload ? This is the cross section of tunnel of LCGT. This tall tower is vibration isolation system. There is cryogenic payload under this vibration isolation. Cryogenic payload is in cryostat. Payload includes mirror, which is the most important part of gravitational wave detector.



_——  Development of optical configurations
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_——  Development of optical configurations
Jfﬁ!}R& P P g

Michelson interferometer (MI) Fabry-Perot MI (FPMI)

Control

== Keep dark condition at
detection port to
reduce shot noise
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: | 4-Control
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CLIO

Power recycling (PRFPMI) Dual recycling (DRFPMI)

conroHigher laser power

Longer light path using
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Control
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laser port the dark port

Control Control Control Control

Control

x Control
TAMA. LIGO , VIRGO i KAGRA,
aLIGO, aVIRGO

JGW-G1301851



_—— Development of optical configurations
KACRA evelopment of op g

Michelson interferometer (Ml) Fabry-Perot MI (FPMI)
| [(EEIE |

To keep interferometer being operated,
we need
Very Low Noise Control all the time

Position: “10DOFs
Angle: ~20DOFs
Others: “100DOFs
JGWGBO;S;' KQI:'KOMA, LTGO,VIRGO ) % _ gﬁg?}; VRGO




KAGRA  KAGRA control network design
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KACRA  KAGRA control network design
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KACRA  KAGRA control network design
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KACRA  KAGRA control network design
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KACRA  KAGRA control network design
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KACRA  KAGRA control network design
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KACRA  KAGRA control network design
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KACRA  KAGRA control network design
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KACRA  KAGRA control network design
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KAGRA KAGRA control network design
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KAGRA KAGRA control network design
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KAGRA KAGRA control network design
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KAGRA KAGRA control network design
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KAGRA KAGRA control network design
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KAGRA KAGRA control network design
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KAGRA KAGRA control network design
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KAGRA KAGRA control network design
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KAGRA KAGRA control network design

C "=~
[ ~ Metal cable
i " Fiber cable
LD
Outside AN |
I E
-
L3
£
&

o
O

3km X arm Cavity

TCP/IP: EPICS, NFS, network boot
> " Circuit
DAQ

network

GW data: huge amount, low latency

Long RFM
network

RT control signal: very low latency

hort RFM
network

RT control signal:
very low latency

3km
ICALEPCS 2013 at San Francisco, Osamu Miyakawa 34

JGW-G1301851



KAGRA KAGRA control network design
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RA  KAGRA control network design
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KAGRA KAGRA control network design
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KAGRA  KAGRA control network design
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KAGRA  KAGRA control network design

Computer center

f Metal cable
~ Fiber cable

Data storage Q{ Q{ p | =

Client workstations

y
e

3km Y arm cavit

Laser

n 0
)

3km X arm Cavity

TCP/IP: EPICS, NFS, network boot

GW data: huge amount, low latency

Ty .
network

Long RFM
network

RT control signal: very low latency

Short RFM

e | RT control signal:

very low latency

3km
ICALEPCS 2013 at San Francisco, Osamu Miyakawa 39

JGW-G1301851




KAGRA  KAGRA control network design
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KAGRA  KAGRA control network design
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KAG/RR Rack layout for initial setup
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KAG/RR Rack layout for initial setup
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CKAEEA) Rack layout for initial setup
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KAGRA  Real time model on Matlab, Simulink

N YO % MATLAR 7.11.0 (R2010b)
Elle Edn View Debug Deskiop Window Help

1| K W9 O @ R | | cumen ovtecJopyncasinscoreags/aahigoRTS-2 & 3 epics s Hde
T e N klves/VS[FO "

Cuprent Faider sm—
5 e micds ¢ oy
 |Mame ©

K 1x17.md
%] kL 16.md
%] k1x15.md|
Bl kixl4md
%) k1x01md
B k Lvec.mdl
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KAGRA Generated C source of Real Time code from GUI

Actual control signals (filter bank, matrix, trigger, linearization etc.) will be generated automatically
when building real time modules.

//Start Of SubSyStem LSC *hkkhkhkkhkkhkhkkhkkhkkhkkhhkkihkihkhkhkikihkkkhkihkkikihkhkhkikihkkhkiikkikikiihkiikik
/I FILTER MODULE
Isc_po@vloduIeD(dsp_ptr,dspCoeﬁ,thﬁdWord [0][0],0);

/l FILTER MODULE
Isc_poxfb = filterModuleD(dsp_ptr,dspCoeff,LSC_POXFB,dWord[0][1],0);

for(ii=0;ii<L;ii++)

Isc_nxmtrx[1][ii

_ 10i] =
pLocalEpics->ctr@MTRX[ii][O] c_trx + pLocalEpics->ctr.LSC_NXMTRX[ii}{{1] * Isc_poxdoc;,

/l Relational Operator

Isc_operator = ((pLocalEpics@XTHRESH) <@

// DIVIDE
if(Isc_nxmtrx[1][0] != 0.0)

Isc_divide = Isc_pox / Isc_nxmtrx[1][O];

else{
) Isc_divide = 0.0;

JGW-G1301851 ICALEPCS 2013 at San Francisco, Osamu Miyakawa 46



SR

[KACRA  Generated C source of Real Time code from GUI

Actual control signals (filter bank, matrix, trigger, linearization etc.) will be generated automatically
when building real time modules.

//Start Of su bSySte m LSC *khkkhkkhkkkhkkkkkkkkikkikkkkkhkkikkhkihkkkhkkhkkikkikkhkhkkkhkkkikkikkkkkkikkikkikikkkkkkikx

/l FILTER MODULE
Isc_pox@moduIeD(dsp_ptr,dspCoe’rr,LbL@,ﬁWord [0][0],0);

// FILTER MODULE
Isc_poxfb = filterModuleD(dsp

e e e EC R NN mAAN/ZFEM WA ITATITAT NN\ L

EHEM3 & tftpboot — controls@standalone:~ — ssh — 92x28
miyakawa@192.168.11.110's password:

p .- .- .- MACS5:tftpboot miyakawa$ ssh -Y controls@192.168.11.110

fOr(||:0,||<1,||++) controls@192.168.11.110's password:
Linux desktopl 2.6.35-32-server #67-Ubuntu SMP Mon Mar 5 21:13:25 UTC 2012 x86_64 GNU/Linux
Ubuntu 10.10

Isc_nxmtrx[1][ii] =
pLOC&lEp|CS->Ctr Welcome to the Ubuntu Server!
* Documentation: http://www.ubuntu.com/server/doc

4 packages can be updated.

// Relatlonal Operator ) 0 updates are security updates.
Isc_operator = ((pLocalEpic {

/[ DIVIDE

if(|SC_nxmtrX[l][0] !: OO) Last login:mziiagu]&. 5 03:06:10 2013 from 172.16.176.182
[1] 9513

Isc_divide = Isc_pox / Isc_n ssh 192.168.11.100

Password:

Last login: Wed Sep 11 00:21:12 PDT 2013 from 192.168.11.4 on pts/1
oo *olas@: lalo: 1 1zsmod

Module Size Used by

klvex 9456277 O

k1x01 9198940 1 klvex

mbuf 7317 7 klvex,klx01

New release 'natty' awvailable.
Run 'do-release-upgrade' to upgrade to it.

Running as

of Linux



KAGRA MEMD screen -- GUI for EPICS --

C T =
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KACRA MEMD screen -- GUI for EPICS --
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KACGRA MEMD screen -- GUI for EPICS --
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KACGRA  Local control for Pre-Isolator

Time series
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KACRA  DAQ items

~30 RT front-end PC

~30 Fiber connected PCIE extension chassis
~60 ADC (x32ch) : total ~2000ch

~40 DAC(x16ch): total ~500ch

~80 DO (x32ch): total ~2000ch
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(_lfﬁél@ Network design for controls and DAQ

RFM RT control signal: very low latency
DAQ GW data: huge amount, low latency
Timing: Synchronization for all RT PC and ADC/DAC

TCP/IP: EPICS, NFS, network boot

GPS antenna
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Mozumi
Entrance
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/ amioka \ ~~~e_
7 Data Storage x New Atotsu
i Remote  iKAGRA: 250TB ~~a Entrance
: control  LKAGRA: 1PB/year ~
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KACRA  Schedule

Bl Cocncorveor 2010 Laom Jaona o> aone [aoss [aoss o7 [ooss [
Project start H i
Tunnel excavation | | |(~1 year delay...)
initial-KAGRA I

. iKAGRA obs. [
baseline-KAGRA Adv. Optics sy:rstem andtests [ |
Cryogenic system ]

|

|

|

i |
Observation | )

initial KAGRA baseline KAGRA
* Room-temp. FPMI * Cryogenic RSE
Low laser power (10W ) » High laser power (180W)

Simple seismic isolation
10kg silica T™M

* The project started in 2010

e Due to the March 11 earthquake (2011), budget implementation was
delayed and whole the schedule shifted 1 year behind.

« KAGRA will be in 2 stages: IKAGRA and bKAGRA
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Low frequency seismic isolation
23kg sapphire TM
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