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1.	  	  PDへの入射パワー	 
Intensity	  at	  each	  ports	 

•  ‘e2e	  simulator’でキャビティがunlockしたときの、各ポートに来るパワーを
計算した。	  

•  赤線→ETMを動かしたときにAs	  Portに入るパワー	  
•  青線→PRMを動かしたときにREFL	  Portに入るパワー	  

鏡は等速で	 10!7m/s	 

時刻1で動き始める	 

レーザーパワー：70W	 



2.	  PDの温度上昇	 
PDの温度上昇	 

LIGOのペーパーより大まかな要求値は、	 

PDの温度＜100℃	 

Beam-shutter for KAGRA
S.Ueda, T.Westphal, K.Somiya

Tokyo Institute of  Technology, Max Planck Institute

Why does KAGRA need Beam-Shutter?

Second generation GW detectors have very high power beam

Sudden unlocking involves PD crashes ! 

Thus high power interferometers need Beam-shutters to protect PDs.

Which PDs need beam-shutters?

KAGRA has 3 signal port

POPREFL

PRM

SRM

ITM ETM

AS

SB of  16MHz

SB of  45MHz

!  REFL port 
      reflected light from the PRcavity 

!  POP port 
      light picked off  from the PRcavity 

!  AS port 
      transmitted light from the SRcavity

POP needs no beam-shutters because the power injected to the 
POP port is the peak when KAGRA is under locking. 

How much power is injected into PDs ? 
We simulate the power injected into PDs at REFL and AS when one 
mirror moves with a certain velocity by ‘e2e simulator’ which is the 
time-domain simulator of  interferometers. 

As the result of  simulation, above two figures show the serious cases 
at the unlocking of  mirrors. 
Red lines show intensities on each PD and blue lines show the 
increases of  temperature at each PD.  

Intensity and Temperature increase at REFL with moving a PRM

Intensity and Temperature increase at AS with moving a ETM  

The velocity of  the moving 
mirror is  

!710 (m/s)

Temperature is given as,

•      : thermal time constant (s) 
•      : thermal impedance (K/W) 
•      : intensity of  time (W)
!
!

I(t)

Starting time of  a mirror

I determined the requirement,  

•  The intensity at which a closing signal emitted :10 (W) 
•  The upper limit of  temperature             : 25 ( ) 
•  The closing time of  beam-shutter             : 3.5 (ms)

For safety, we will start to close the shutter as the increase of  
temperature never exceeds 20 K.

How to construct beam-shutters
Beam-shutters are constructed from a HDD (Hard Disc Drive) and a 
current drive circuit. 
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How to move the beam-shutter

1.  An little current flows in the coil and keeps the coil in one side 
under the waiting state of  the shutter. 

2.  A input signal goes to the current drive circuit and changes the 
current direction. 

3.  High current stored in the bipolar-capacitor flows in the coil. 
4.  The coil moves to the other side.  

How to measure the closing speed.

1.  Measure the beam spot size at a certain position. 
2.  Put the shutter at the position as it eclipses the semicircle of  the 

beam spot. 
3.  Inject a closing signal and measure the transmitted power. 
4.  Calibrate the transmitted power to the shutter position.

Radius of  beam spot  : 1.77 (mm)

Scattering light noise from the beam shutter

The biggest concern is scattering noise from beam shutters, which is 
located near the beam line.   
•  Scattering light noise which is attributable to the beam-shutter 

longitudinal fluctuation to the beam line. 
•  Scattering light noise which is attributable to the beam-shutter 

transversal fluctuation to the beam line. 

The left figure shows the 
longitudinal fluctuation noise and 
the quantum noise of  KAGRA. 
In this simulation, the distance 
between the shutter  and the beam 
line is 3!. 

In case of  KAGRA, ! =0.5 (mm) at AS port.
Small enough !

In terms of  noise, it is reasonable that the distance between the shutter 
and the beam line is 3! (= 1.5mm). 
From the measurement of  closing time, it takes about 1.5ms to move 
1.5mm and 1.5ms is smaller than 3.5ms which is our requirement. 
 
Future works 
•  To compute the transversal fluctuation noise. 
•  To test the stability and safety of  beam-shutters because it will be in a 

vacuum chamber. 
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2.	  PDの温度上昇	 

5ms	 

20K	 

3W	 

• シャッターを閉めるタイミング・・・３W	  
• 閉め終わるまでの温度上昇　　・・・２０K	  

シャッターが閉じ終わるまでの時間・・・５ms	 



3.	  ビームシャッターからのノイズ	 
散乱光による２種類のノイズがある、	 

• 縦揺れノイズ・・・シャッターのブレードがビームラインに沿って揺れ
る事によるノイズ	  
• 横揺れノイズ・・・シャッターのブレードがビームラインに垂直に揺れ
る事によるノイズ	 

縦揺れノイズ	 
OMC後にシャッターを設置	 
ビーム経＝0.5mm	  
ビームスポットと	  
シャッターの距離＝1.5mm	 

1/1000	 



4.	  試作したビームシャッターの性能	 
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4.	  試作したビームシャッターの性能	 

ShuUer	  posiZon	  vs	  Zme	 

Closing	  
signal	  
inputs	 

Laser	 

Input	 

Lens	   Lens	  ShuUer	 PD	 

1.5mmを動くのに1.5msかかる	 

要求値の5msを十分に満たす	 



5.	  LIGOのビームシャッター実験	 

100mJ	 

AS	  portで100mJ貯まるまでに
シャッターを閉めるのは3.5ms	  

30mJまで厳しくすると1ms	 

HDD	 LIGO	 

電圧	   24V	 500V	 

コンデンサー	 同じ	  

場所	 OMC後	 OMC前	 

速さ	 

1.5mm	 1.5ms	 ?	 

5mm	 1.8ms	 ?	 

6mm	 ?	 1ms	 



6.	  今後の課題＆まとめ	 

• 真空に入れれるビームシャッターをつくる	  

• シャタースピードの要求値の再考	  

• 散乱光によるノイズをより正確に計算する	  


