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○ ¤DĨªx?õªĨ�ñ�

○ ªx?ĨQR1ĬĨ7ĶÄį�

○ �iĨõª	R�



Pulse Length 1ms 

Repetition Rate   5Hz 

Bunch Spacing 6.15ns 

# of Bunch / pulse 162500 

Bunch Length 12ps 

Bunch Charge 62pC 

Total Charge / 
pulse 

10000nC 

Beam Current 10mA 

Maximum Beam 
Energy 

40MeV 

Beam Power 2 kW 
STF SĂħĐĕķ  
ćććććććbeam parameter 

ðOŌřŐI¬uÕõªŎŖŀœŐċħĐĕķŕřłřõª�

¤D STF �ģcÛ�Ĩ beam line 
ćŚĄâ�X-è�dģ-èĘĸğüOÇĒĈ 
ćććÖ¸�ĺ=İŃŁĽŗíħ�ÅĘĸķ�



ĊðOŌřŐI¬uÕõªŎŖŀœŐċħĐĕķŕřłřõª�

Ö¸�ĺ=İŃŁĽŗíħ 
ĽŗńňřŔĘĸğŞ�ò�!x?�
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Laser waist point 
(IP) 

○ üOÇĤĨÖ¸�ģĨ laser fbĺĈ 
ććproject đĵĨ×�ģČķ� (Š30mJ/pulse!)  
ććħeē�ĖķğıĈ 
ććfiber amp. Ř burst amp. Ř 
ććNí�!x?»ĨõªĒk×ĉ�



ą STF ģĨÖ¸SĂħ÷ķ laser ¿ĺĈ 
ćć ĢÐ�ģáĐĎĤěķ projectĉ�

ªx? 
ćĄĄŚ fiberŘÐZªxuÕĺl§ 
ćććŚĄ-è?ĤĨ<�ĘĝğÐ�Ĩªx?ĺĈ 
ććććć�#ĮģQR1Ęĝĵĸķđĉ�

L_?� !x?�

ĊðOŌřŐI¬uÕõªŎŖŀœŐċħĐĕķŕřłřõª�

ŚĄ\CĀ�-F fiber ĺ�ġğĈ 
ććă.£Ĩ�L_ĺêqĘĝķĉ�

Ś laser ÒµuÕĺ§čĢĈ 
ććÖ¸�ģĨ�fbĺLfěķĉ 
ćććććććććć(Šŝśśś�´b) 
ŚĄj�ĨŜ�òF!x?đĵĈ 
ććŞ�òF!x?ĬĨ³Ôĉ�

ą photo-cathode RF gun § seed laser  
ććħ÷ęĢĲ challenging Ħ±¶õªĒéÔ� (E��) 
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Sampling 
port 

¤DĨªx?õªĨ�ñ�

GND  

DC «Ħªx¢p�

○ Ring fiber laser ģĨ DC «ªx 
ććŚ Yb-fiber đĵz%Ęĸķa]HĦ�Ĩ�đĵĈ 
ććććªx��ĺ�ğě�ĒÐ/«ħì(ŘLf�



L D 

P.S. Cmb. P.S. Cmb. 

Yb-fiber 

Isolator 
←

 

Band-Pass Filer 

Main 
Output 
port 

Sampling 
port 

¤DĨªx?õªĨ�ñ�

Intensity Modulator 

R F 
I I 

DC like 
pulse 

○ fbMÞ?ĺX�ęĢĈ>�«MÞĺđĕķ 
ććŚ fiber circuit ĨóĘħlĚĢĈ 
ććććQR«ħªxĺÆĕĵĸķÊĶçę>�}ĒPD  
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Freq. 

fbMÞ?ĬĨMÞRFĺ 
ćć¡RĨăÞ�ħ;Ĺĝķ�

�ĥ<Ě�@ãĦĨħĈ 
ÊĶçę>�}ĺ 
�įĨRep.RateħÞ~%�ķĉ 
(I�ÊĶçęĨ~}�) 

^ā%�ķÈmodeË�

¤DĨªx?õªĨ�ñ�

fbMÞ?ĬĨ RF �9�

Sample port đĵĨ%+�



Sample'wave'form'

¤DĨªx?õªĨ�ñ�



Snap'shot'1'

¤DĨªx?õªĨ�ñ�



Snap'shot'2'

¤DĨªx?õªĨ�ñ�



ą project Ē×�ěķĄŠ160MHz ´bĨ 
ććªxĩ²Ý%�ğĉ�
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Freq. 

fiber circuit total length 
Ć 30m [in L] 
Ć 10MHz [in s-1] 
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Freq. 

Â�Ħ�@ãĨįĨJ;�

ĴĶú|«Ħ filter ĺ�ĸğJ;�

>10MHz 

ªx?ĨQR1ĬĨ7ĶÄį�

ą %+ĨQR1Ēk×ĉ 
ćć→ �QRĦ3AĤęĢĈ 
ćććć�@ã�ħRDěķÈmode Ĩº;ħ°­�



�ďĪŞ�òĨ�!x?ĺGıæİĉ 
ć�å 420 mm × Şć→ 1680 mm 
     

                    Ć  Š 178.5MHz >> 10MHz 
                         

ą ��đĨÈŒřŉĺ�ĝķĉ 
ą 178.5MHz ĨBR¹��Ē4ęĔĦķĉ 
ćć(Ní!x?ħÒµ%�ķ pulse 'Ĩ¦q) 

ªx?ĨQR1ĬĨ7ĶÄį�
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fiber coupler 

fiber patch cable 

I�ľŃŕřņřĨªxĨ¾bģĈ 
ōļŔņřĤĦķ!x?ĨóĘĺ�ıĢęĮĎĉ�

ªx?ĨQR1ĬĨ7ĶÄį�



ą �PĨ fiber oscillator circuit ħĈ 
ććōļŔņř(!x?)ĺGıæİĉ�

E 
O

 

to fiber amp.  

R F 

ą filter ĮģĨÐ¨·ö�ã&ĺĈ 
ćć�đģÞ~ĉ�

ªx?ĨQR1ĬĨ7ĶÄį�



ªx?ĨQR1ĬĨ7ĶÄįć(ĮĤı) 

○ ōļŔņřĤęĢĨ�!x?ĺÄįæĻĠÐ�ªx?ĺ�qĉ�

○ �@ãĦčħRDěķÈŒřŉĒv*%�ĢčķđĥĎđĺØğĉ�

ą �!x?5ī�WÞ~§ŕŗŅ¿ħ¯gěķóĘĨ fiber ĺ�ĸĢĈ 
ććÁ fiber �@ãħsě
Ĳ8Îĉ�

○ �ÍĨªxĨńŏĿňŔĺ�äęğĉ�

ŚĄªx?õªĨ¤DĨ¢��
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ªx?ĨQR1ĬĨ7ĶÄį�

Sampling 
Port �Ķ� with dummy fiber 



Inner'Cavity':' ę'
(
�fiber'ĺ�§)'

Main'Mode':'176.873MHz'
'''''''''''''''''''''''''E11.46dBm'

2nd'Mode':'354.238MHz'
'''''''''''''''''''''''''E21.92dBm'

3rd'Mode':'530.734MHz'
'''''''''''''''''''''''''E26.19dBm'

Start'':'168.5MHz'
'Stop'':'600MHz'
'RBW':'20kHz'

ªx?ĨQR1ĬĨ7ĶÄį�



Inner'Cavity':' ę�

Center : 176.8MHz 
  Span  : 50MHz   I�ÊĶçę>�}ģČķ'

À'8MHz'öùĨ'superEmode''
ĒØďķĉ�

ªx?ĨQR1ĬĨ7ĶÄį�



Inner'Cavity':'�Ķ�

Main'Mode':'178.867MHz'
'''''''''''''''''''''''''E28.65dBm'

2nd'Mode':'357.525MHz'
'''''''''''''''''''''''''E44.81dBm'

3rd'Mode':'534.005MHz'
'''''''''''''''''''''''''E53.64dBm'

Start'':'168.5MHz'
'Stop'':'600MHz'
'RBW':'20kHz'

ªx?ĨQR1ĬĨ7ĶÄį�



�hsample'(inner'cavity'�Ķ)'

ªx?ĨQR1ĬĨ7ĶÄį�



�hsample'(inner'cavity'�Ķ)'
Snap'shot'1'

ªx?ĨQR1ĬĨ7ĶÄį�



�hsample'(inner'cavity'�Ķ)'
Snap'shot'2'

ªx?ĨQR1ĬĨ7ĶÄį�



ªxńŏĿňŔ'
�ĩōļŔņřĺ�ġĢ'
1040nm'ħ;ĹĝĢČķ'
Span':'20nm'

ªx?ĨQR1ĬĨ7ĶÄį�



ªxńŏĿňŔ'
�ĩōļŔņřĺ�ġĢ'
1040nm'ħ;ĹĝĢČķ'
Span':'100nm'
'
�ĨŊĽŅq&Ĥ�ĭĢĈ'
50dB'´bĨgainĩ%�Ģčķ''

ªx?ĨQR1ĬĨ7ĶÄį�



cf.'�©ħwr'
ćSample'Oscillator''
'''''TimeEBandwidth'Products'
'''''LYNX'Type''178.5MHz'
ćć(UôFģĤġĢĲămÎŘ�))'



Start'':'168.5MHz'
'Stop'':'600MHz'
'RBW':'20kHz'

3rd'Mode':'536.367MHz'
'''''''''''''''''''''''''E27.71dBm'

2nd'Mode':'357.520MHz'
'''''''''''''''''''''''''E10.36dBm'

Main'Mode':'178.789MHz'
'''''''''''''''''''''''''E4.77dBm'

LYNX'Type''178.5MHz'

ªx?ĨQR1ĬĨ7ĶÄį�



1st Mode 
Intensity [mW] 

2nd Mode 
Intensity [mW] 

Intensity Ratio  
(2nd / 1st ) 

TBP Oscillator 3.33×10-1 9.20×10-2 2.76×10-1 

Fiber Oscillator  
(No Cavity) 

7.14×10-2 6.43×10-3 9.10×10-2 

Fiber Oscillator  
(with Cavity) 

1.36×10-3 3.30×10-5 2.43×10-2 

○ I�ÊĶçę>�}Ĩq&ĤĈ 
ććĞĨăÞ�Ĩq&Ĩfb�ĺ�ığĉ 
ćĄć(passive Ĥ active mode-lock ĨYħ÷ĵĜĈăÞ�ĩPDěķĉ) 
○ �Ñ«Ħ[àĨªx?ħ�ĭĢĈ 
ćć!x?"0FĨÐ�ªx?ĩĈ 
ććăÞ�q&Ē����v*%�Ģčķ
ĒĹđķĉ�



○ Fiber uÕĤ�!x?uÕĺ§čğªx?ĨÐ�1�
ŚĄ�-F fiber ĺÄįæĻĠĈ 
ććÐªªxFuÕĤfbMÞ?ĺÄį;ĹĝğĈ 
ććŒřŉŖŇĿŕřłřªx?ĨÐ�1ħq,ęğĉ�

ŚĄėĨÐ�ªx?ħĈ 
ććÈŒřŉv*§ĨōļŔņř(�!x?)ĺ"0Ęĝķ
ħĴĶĈ 
ććÈŒřŉöĨº;ĺvďĈ 
ććªxěķ�fbĨQR1ħq,ęğĉ�

ŚĄėĨÈŒřŉĨv*ĩĈ 
ćći�ħX�Ęĸķ fiber L_?¿ģĨĈ 
ććÖ¸ħ®yT�ęĦč�ÙĦ mode ĬĨfb&îĨv*ħĲÉĒķĉ�
ŚĄ�Ã«ħ�qęğ: pulse ĺNí�!x?ħÒµěķ
Ēý^ħï×ĉ 
ććÐ�ęğªx?đĵĨ laser pulse 'ĩĈ 
ććÒµĘĸķNí�!x?Ĥ»ęč>�«K©��ĺ�ħ�ğęğ�ĦĨģĈ 
ćć<�¯Ĩ pulse stacking ĨS¤Ē8ÎĤÌďĵĸķĉ(×SÜSĂ) 
ą �@ãĺhqěķ fiber 5ī:ÂOĩx/ĳ¥Kÿħý^ħ{oĉ  
ćć�Ã«ħĩn��Ĩ�ħ�ĸæĻģĈ 
ććøxV¼ĺ7ķk×ĒČķĉ�

ą "ÓĘĸğ�!x?ĨòĨ6W£(¤Dĩ99%6W£ĨĲĨ)ĺMďķ
ģĈ 
ććĴĶQRĦªx¢pĒS¤%�Ħčđ�Ú�ĉ 
ćŚĄă6W£1ĄşĄÒµĘĸğ�fbĒQR Ć Þ~Ēûęč[� loss ħÉĒķ] 
ćŚĄ�6W£1ĄşĄÞ~Ē½21[loss��] Ć super-mode Ē�&v*%�ķđ�
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�iĨõª	R� ○ fiber circuit Ĩn��1 
○ "Ï!x?Ĩ�ë1 
○ Ní!x?ĬĨÒµ 
○ ßŋœőřņĨS��




