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Energy$Recovery$Linac�

 Beam%energy%

 Full%energy:%3%GeV%
 Injec8on%and%dump%:10%MeV%

 Geometry%

 Linac%length%:%470%m%

 Straight%sec8ons%for%ID’s%%
 22%x%%6%m%short%straight%%

 6%x%30%m%long%straight%

ERLŃùƼÍľ� KEK�
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ĕȔ��ȄȉǘȌSPring=8ȍ� ERL� SASE=XFEL�

H:%298%(1σ)%
V:%6.6%(1σ)%

H:%7.1%(1σ)%
V:%7.1%(1σ)%

H:%28%(1σ)%
V:%28%(1σ)%

H:%12.7%(1σ)%
V:%3.5%(1σ)%

H:%2.3%(1σ)%
V:%2.3%(1σ)%

H:%0.28%(1σ)%
V:%0.28%(1σ)%

ERLƸSASE=XFELƝĕ3��Ȅȉǘ*å�İƼÔś$
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ERLƸSASE=XFELƝĕ3��Ȅȉǘ*å�İƼÔś$
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Br�ĹƂƼǯȉǩÎţƸǕǿȄǌǣǎǪǻǗǞƼŠŗ�
M. Ogawa, S. Yamamoto et al.,  
Rev. Sci. Instrum. 83, 023109 (2012).�

ÂöƜxÕȌÁdȍûĹœ®ǅǇ�ĚƜĕ2SERLǜȉǹǝǏǼ�

Si%2p�

Si(111)7x7�

ǕǿȄǌč=ƻ�ƣ��
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SPring=8ƷƼµŷ0Ł*ſh0*älȘ$
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5=10$nm$resoluWon�

RadiaWon$damage$?�

High$brilliant/coherent$nano=focused$X=rays�



KJK & Y. Shvyd’ko, PRSTAB (2009) 

ERLƼſhǲȋǼí�ǋǳȅƻßõ$
Ȋ�ǑǻǥǢȉǞ$
ȊƋĬǇşƯȌ1MHzȍ$
$
•  d��ƋǑǬȅǖȋ0ŁİXĨåƍ

(1015$*h/ċ,$109$*h/ǰȅǞƍ@$
~10keV$with$a$few$meV$b.w.)$

•  ǑǬȅǖȋƼG`�ǋ�#$
•  ǜȉǘȅǾȋǩXĨȆȋǛȋ$$

$$(µĒŷƆ[Ʒ)$
$

¢ÈƮǉƶƢǈ3õąđ!$
•  XĨƁ��ª	mƊƼƃNȌȗÇƼƈŘȍȘ109$*h/ċȌðïȍƦǆ1015*h/ċ$

%ǪǭĒŷ0ŁƁ��ª	ȌÎţĂŚčƼ6ƉðőĖȍƝ%
%RIXSƦǆNIXSǀȌlŰþƺñŁǀȍ%

•  XĨ*ſh0*ƜƚƜBulk=sensiWve$Fermi$surface$study$with$HX=TR=AR$PES$
•  XĨǙǱȋȆȉǨǎǽȋǝȉǘƼƈŘȘƜȌǚǴnm0Łİ)$
….and$new$applicaWons$

ť?ǋĥƫǈERL$�
XFEL%Oscillator%

XĨƆ[Ƽ,�Rǋ3õƯƶƋǑǬȅǖȋ0Łİǋmð%

ǳȋȄǑŹúXĨȆȋǛȋƼmð�



Echo=Enabled$Harmonic$GeneraWon$(EEHG)$
%

ſhǲȋǼƸȆȋǛȋƸƼĂ�õƻǅǈǌǨċǰȅǞƼûóƸƲƼ3õąđ�

D.%Xiang,%Z.%Huang,%and%G.%Stupakov,%%

Phys.%Rev.%ST%Accel.%Beams%12,%060701%(2009)�

$$$$$$$$$$$$$$$$$$$$$$$$UlWmate$ERL$
XFEL=OȘǳȋȄǑŹúțĨȆȋǛȋƜƜµŷĂŸƼǚǎǑȉǞ$
EEHGȘǌǨċǰȅǞƜƜŕƋŢǚǎǑȉǞƍ�

qÀ��Z*åƍ�

•  Ƌŝ�dſàſhŲƼŶû%

•  Normalized%emi]ance%of%0.1%µm%ƜȌ17pmȚ3GeV)%

•  Maximum%beam%current%of%100%mA%

•  Ultra%short%pulse%of%100%fs%
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ƍƍƍƍƍƍƍƍƍȏƜ1.3GHzǮǎǰȈȋǩȃǎǴȆȋǛȋƜ%

•  cwƍƋ>Ŭŕ�rĒÞƼŶû%

– +pR%

ƚƜ1.3GHz%2ǠȅĒÞƜ+Ɯ170kWƍ+9ģKRƜ%

ƜƜƜ+%%300kW%ǗȃǎǞǨȇȉ%%%%

– �;ŢR%

ƚƍ1.3GHz%9ǠȅĒÞƜ+%150W%HOMƍâĺR%+%30%kW%IOT%ƜƜ%

ƜƜƜƜƜƜƜƜƜƜƜƜƜƜƜƜƜƜƜƜƜƜƜƜƜ(induc8ve%Output%Tube)%%�

Eacc%~%15%MV/m,%Q
0
%>%1x10
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ERL;ŢRȓdľĞ�ķ�
ȔȑERLŶûƼðï$
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*ǓǡȋǩDCſhŲȒIÒƷ500kV��ƼD;ƻ�:�

07ZǠȃǻǥǗǞǋ�õưǈƬƸƻǅǇƝ500%kV��ƼD;ƻ�:�

+pRǗȃǎǒǾǝȀȋȅ�     RF feedthroughs     
for HOM couplers�

2K He�

5K He�
80K N2�

Vacuum vessel�

+pRŕ�rĒÞƼŶû%

1.3GHz, 2-cell SC cavities 
with 5 HOM couplers 

�

Î�ưǈJľĞƼ�İŉƊƽĠ
ƯƝ%
ǗȃǎǒǾǝȀȋȅƼġǃēƶǋŶeưǈƞ%
ǜȋȅǩk��ƝÑälƻǅǈ�İćŊǋĶƣƞ�

Slide-Jack type 
frequency tuner 

CW high power 
input couplers 
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+9ģKR%

Ȋƍ20kW%CW%(total%reflec8on)%

ȊƍǮǎǰȈȋŉƊǋǗȄǌȋ%

ȓHƼĒÞƷÎ�ƮǉƳǗȃǎǒǾǝȀȋȅǋ�aǂƷƻk�ƮƱǈƞ%
ǜȋȅǩk��ƝÑälƻǅǈ�İćŊǋĶƣƞ%

HOM%âĺR%

Ȋ150W%HOM%power%

ȊOpera8on%at%80%K%

ȓHƼĒÞƷĀÐƷơǈ15MV/mƼ;Ţ
>Ŭǋũ�ƯƳ.$

Beam$acceleraWon$$
by$superconducWng$caviWes$(April$13,$2012)�
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ĒÞĽţņ$ƍ(Cavity Fabrication Facility)�
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ſhǲȋǼç Ò$(EBW)$
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Eacc$=$29$MV/m$
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mŇÒƸƯƶƼǙȉǰǗǨERLƼ�ņ�

•  R&DǺǜȉƸƯƶƼ�7%

– ;ŢRľĞƼ�İŉƊ%

•  ǲȋǼǋõƢƶJľĞƼ�İƥǅƿjl�ƼćŊ%

•  mõÒƻLƫƶƼQƇéȊ¦ĳéƼÝƢ/Ư%
– ǲȋǼǣǎǪǻǥǗǞƼň"%

•  ĒŷſĴ<ÅƝCSR<ÅƻǅǈǑǻǥǢȉǞ^d%

•  JďǲȋǼ�jl�ƼŌÆ%

•  ǲȋǼȇǞälƸoĘƜetc%%

•  *åƸƯƶƼ�7%

– ȆȋǛšǙȉǵǨȉª	ƻǅǈXĨƼûó%

– ǙǱȋȆȉǨ§pƻǅǈǧȃǶȅǦ*Ƽûó%%
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ǙȉǰǗǨERL�ņƼïÚƜȌ2012|4¸�³ȍ�

2013|3¸ǲȋǼŌ¬ŦŚŶe�

Layout$of$3$GeV$ERL$$
(preliminary)�

Decelera8on�Accelera8on�

  Electron%energy%

  Injec8on%and%dump%energy%:10%MeV%

  Full%energy%:%3%GeV%

  Geometry%

  From%the%injec8on%merger%to%the%dump%

line%:%~%2000%m%

  Linac%length%:%470%m%

  Undulator%beam%lines%%

  22%x%%6%m%straight%sec8on%%

  %6%x%30%m%straight%sec8on%

  1%x%200%m%%straight%sec8on%%

  1%x%XFELQO%%line%
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construction�

R&D of ERL 
key 
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Beam test and test experiments 
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Użþƺ�ņȊ3õǙǻȀǫǧǍƼ���

Á�diBL�

ǎȉǩBL�

ėÛdiBL�

ôħąBL�

@dBL�

EUŤKBL�

Í�ņŃȊľĞ�ķȊŃä�ķȊ3õąđƻŸưǈUżþC9�

JQLab%

E=120MeV%

I=10mA%

IR,THzƼFELǺǜȉ
ƸƯƶĐ%��

Cornell%Univ.�

BerlinQPro:%BESSY%II�

�úƼERLąđ°ņȊŃù$



§p*Ȋ��hȊǻȀǒȉƼĂļ3õ�

JQPARC�

ERL$==$J=PARCȌ��hȊǻȀǒȉȍƼŤ¤ƻǅǇ$
�ú·�Ƽŕ)ĔŰhǲȋǼǵȃǥǨǸȋǼƧ/ð$
ƜƜƜUżŤ¤ŰhǲȋǼǵȃǥǨǸȋǼƼ���

BNL/NSLSII�

MAX$IV�

SPringQ8/SACLA�

FLASH� PETRA$III�European$XFEL�

APS�

ESRF�

SPring=8$II/SACLA�

�Y�ĜƼǎǽȋǝȉǘƍƜðïƜȜ«10nm,$«100$psec�

PF/PF=AR�

ðXƼ�úƼ§p*°ņ�



10|�Ƽ�úƼ§p*ǋî�ưǈERL$
ƜƜƜŕ�r;ŢRǋǷȋǞƻƯƳ¯*å$

�úƼ§p*Ċi0ůǋî�ưǈ�

NGLS� BNL/NSLSII�

MAX$IV�

SPringQ8/SACLA�

FLASH� PETRA$III�European$XFEL�

APS�

ESRF�

NGLS�

SPring=8$II/SACLA�

ERL�

�Y�ĜƼǎǽȋǝȉǘƍƜðïƜȜ«10nm��Y�ĜƼǎǽȋǝȉǘƍƜ10|�ƜȜ1$nm,$Ȝ100$fsec�

PF/PF=AR�

3GeV$KEK=ERL�

10|�Ƽ�úƼ§p*ǋî�ưǈERL$
ƜƜƜŕ�r;ŢRǋǷȋǞƻƯƳ¯*å$

�úƼ§p*Ċi0ůƼ�ƷȄȋǩǋ#Ƶ�

NGLS� BNL/NSLSII�

MAX$IV�

SPringQ8/SACLA�

FLASH� PETRA$III�European$XFEL�

APS�

ESRF�

NGLS�

20|�Ƽ�úƼ§p*ǋî�ưǈERL$
ŕ�r;ŢRǋǷȋǞƻƯƳ¯*å(XFEL=O,$EEHG,$etc.)$

SPring=8$II/SACLA�

ERL+XFELO�
BESSYIII%

ERL�

BSRFIII%

ERL�

�Y�ĜƼǎǽȋǝȉǘƍƜðïƜȜ«10nm��Y�ĜƼǎǽȋǝȉǘƍƜ10|�ƜȜ1$nm,$Ȝ100$fsec��Y�ĜƼǎǽȋǝȉǘƍƜ20|�ƜȜ0.«$nm,$Ȝ«10$asec�

PF/PF=AR�

3GeV$KEK=ERL�



ǽǥǠȋǝ$

ƛƜERLƼǚǎǑȉǞ$
ƜƜqÀƼìŔȊóNĊiƻ�ƅƸƺǈERL$

ƛƜERLƼmð$
ƜƜ2020|ƻȁȋǛȋŦŚŶeƸƺǈERL$
ȒȑERLƸƽ�Ʀ�

ȓȑǚǎǑȉǞƧØǄǈERL$ȋ�¨ERLƺƼƦȋ�

ȔȑERLŶûƼðïƜȋERLƼmðƽāƪŞƩȋ�

ȕȑERLǋƹƣ ƣƦ$


