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氦辐⫂㳊
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• עכⱶ鵭ُثٚو٭ا٭ⱶ鵭ٝ٭ا٭ٝ

• 泘嘅סךعؠؘةٞو

• 䓪耆ّ٭لס杯敯ס꧅㯸ⱶ鵭٭ا٭ٝ

• 냕ؙ٭؟ٜؾX稗ס釐姲

• 냕ؙ٭؟ٜؾX稗؅ס㲔杯ؓظؕؓ׾׌

• ״כױ
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냕⼽嫧ⱶ鵭䏼全䤗软٭ا٭ٝכⱶ鵭
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~10 cm

냕⼽嫧ⱶ鵭㉺(ٛؠشؓؼ ⱶ鵭ُثٚو٭ا٭ٝ

~10-100 MV/m

~10 µm

~10-100 GV/m

Plasma wavelength

Plasma waves

Laser pulse
Electron

電子銃

http://wp.lancs.ac.uk/spiral/research/laser-driven-plasma-wakefield-acceleration/https://en.wikipedia.org/wiki/Linear_particle_accelerator

ⱶ鵭ⴃ鿥
~1000⠘ס
ⱶ鵭ⴃ鿥
̜㵸㑔⴫ֿ⺎耆
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LAPLACIANّ٭ؚنعشٚو꧅㯸ⱶ鵭٭ا٭ٝ
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X線ビーム診断／拠点整備
⽮橋

⯆䐒㲜

㏆竊㉺تٜق٭ا٭ٝ

⪌㵣㉺鼧

4哕꧅澷溍تٜق
꧅㯸鮖鴜

٭ذ٭ٖٝة٤ؓ

و٤رّ٭ل

X稗錚了

氦榟㉺٭ا٭ٝ

ⱶ鵭鼧10 mذت٭ه

仾SCSS

SPring-8

SACL
A
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꧅㯸氦榟㲔꽦⛮硌㍲
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ْٚ؜

؜
ْ
ٚ

ؒنٞوّ٭ل
ٜؕ銶峮㉺

꧅㯸ؙ٭؟ٜؾ
⮆冪㉺

؜
ْ
ٚ

؜
ْ
ٚ

賊⩞冎

賊⩞冎

◅哕澷溍

٭ا٭ٝهؕٚغ
1.2 J, 25 fs

㳡䈱銶峮榫
䇕岹銶

عشأ٭ذت؝
H2 or H2:N2

轿䱡嫧
榟䡗榫
غ٭ٝه

꧅㯸
ّ٭ل
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꧅㯸氦榟㲔꽦逷糋
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集光ミラー

ّ٭ل٭ا٭ٝ

㏆竊㉺׼־

عشؘةت؝
عشأ٭ذ

꧅㯸ّ٭ل

1 m 0.5 m
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꧅㯸ٜؕؒنٞوّ٭ل
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ャ(Nakanii et al., APEX 2023)䷉ٜؕؒنٞو٭ا٭ٝ

姡碛ت؝岜⺬ت؝
䏼全嫎

L ׾׿׍ֿّ٭ل꧅㯸׼־⺸鶟车亠٭ا٭ٝ
L ַ׀㛻ֿثؕئّ٭ل

٭ا٭ٝ
鶟车亠⺸

姡碛ت؝

ャ䏲䷉ٜؕؒنٞو

J ꧅㯸ֿ┉舙כ鬨٭ا٭ٝ
J ַ׈㵸ֿثؕئّ٭ل

N. Nakanii et al., in preparation
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꧅㯸סّ٭ل㱦㲊⴫َؕء٤ؔط٤
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L ׾׿׍ֿّ٭ل꧅㯸׼־⺸鶟车亠٭ا٭ٝ
L (~1.8-2.6 mrad׃׼䭰ֿء٤ؔط٤َؕסّ٭ل
J 奂鬳氳냕ַ꧅㯸氦榟曍>90%)

٭ا٭ٝ
鶟车亠⺸

䏼全嫎 ャ䷉ٜؕؒنٞو٭ا٭ٝ

J ꧅㯸ֿ┉舙כ鬨٭ا٭ٝ
J 䭰ׁ׼ ~0.6 mradמ䷉ャ

姡碛ت؝+轿䱡嫧姡碛ت؝+轿䱡嫧岜⺬ت؝

N. Nakanii et al., in preparation
攐錉䤗软ٜؕؒنٞو٭ا٭ٝ׾׻מ䷉ャ(Nakanii et al., APEX 16 026001, 2023)

ꪜ⪜ꝧ
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꧅㯸סّ٭ل䷉ャؙ٭؟ٜؾ⮆䄭

9

姡碛ت؝+轿䱡嫧

䏼全嫎

L ַ׀㛻ֿ׽䦡ֿ٭؟ٜؾؙ
L ַ⛥꧅蕔ꄈֿؠ٭م

J ַ׈㵸ֿ׽䦡ֿ٭؟ٜؾؙ
J ꧅蕔ꄈֿ냕ַؠ٭م

姡碛ت؝+轿䱡嫧

ャ䷉ٜؕؒنٞو٭ا٭ٝ

N. Nakanii et al., in preparation
攐錉䤗软ٜؕؒنٞو٭ا٭ٝ׾׻מ䷉ャ(Nakanii et al., APEX 16 026001, 2023)

ꪜ⪜ꝧ
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XUV-FELס㲔杯䓪䐂ّ٭لג׿׼䓪耆٤٘ب٭ِٖٝبסך
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꧅㯸ّ٭ل
꧅㯸ؙ٭؟ٜؾ Ep=250 MeV
꧅蕔ꄈ 27.3 pC in 1/e2
׽䦡ֿ٭؟ٜؾؙ σ/Ep=0.52% (rms)
ت٤ذشؙِ 0.2 mm-mrad (♞㲊
Ꝏز٤ف 1 or 5 fs (rms)

ذ٭ٖٝة٤ؓ 杯㏇錃糋岷ײ 邮⛼╈
K⡁ K=0.446                        K=1.4
⼽僿Ꝏ lu=10 mm                   lu=25 mm                  
Ꝏ׈ L=0.5 m                        L=2 m

׈Ꝏذ٭ٖٝة٤ؓ (m)

SIMPLEX׾׻מ銶畀◀峮

杯㏇錃糋岷ذ٭ٖٝة٤ؓסײ
K=0.446 (gap 3mm), Lu=10 mm, L=0.5 m

邮⛼╈٤ؓס
ذ٭ٖٝة

XUV-FEL実証に必要な電⼦の⽣成に成功

┕⺸ס㱦㲊䓪ء٤ؔط٤َّؕ٭ل✔

✔於ַؙ٭؟ٜؾ⮆䄭ס榟䡗

ق
ٜ

ت
ؙ

ؾ
ٜ

؟
٭

(J
)

ꪜ⪜ꝧ

ꪜ⪜ꝧ
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┩槡氳ם⛣糋♀ׄؠ٭ُز٤ي
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儖ؘةٞو
عؠ

SIOM
(╈㎁)

Hamburg
(صؕغ)

HZDR
صؕغ

LBNL
眦㎁

٭ا٭ٝ ٭٠ق 48 TW
(1.2 J, 25 fs)

200 TW
(~4.8J, 24 fs)

50 TW
(2J, 42fs)

70 TW
(2.1J, 30 fs)

850 TW
(31 J, 35 fs)

ⱶ鵭亠䌋 轿䱡嫧⪌㵣 轿䱡嫧⪌㵣 ٤⴫⪌㵣؛ؕ ٤⴫⪌㵣؛ؕ 舅䄕⪌㵣

꧅㯸 ٭؟ٜؾؙ 378 MeV
(±14%) 490 MeV 368 MeV 

(±2.4%)
188 MeV

(±3.2%) 7.8 GeV

rmsؙ٭؟ٜؾ
䦡ֿ׽

0.59%
(±38%)

Best0.36% 
Best 0.34% 6%

(±27%)
6.3%
(±0.8%)

ˑ

ت٤ذشؙِ 0.25 mm-mrad* 0.36 mm-mrad

꧅蕔ꄈ 17 pC
(±60%) 22.8 pC 25 pC

(±11%)
~75 pC 

(Max 110pC)
5 pC 

(7 GeV- 8.5 GeV)

rmsز٤فꝎ <[25.7 fs*]
[±9.0%]

[1.6 fs]
٤٘ب٭ِٖٝب

6.3 fs
(±10%)

筝׽鲭׊ 0.03 Hz 1 Hz

攐Ꝏ
٭؟ٜؾؙ⛥٬

׊םثؕؿ
٬㵸㑔ٝ٭ا٭

27 nmסSASE 
FEL㘃䆋

鵽禈鷞鬇ך㱦㲊
꧅㯸氦榟

260 nmסSeed 
FEL㘃䆋 僃냕ؙ٭؟ٜؾ

FEL؅䑩⺸ُثٚو٭ا٭ٝ׾ַי׊ⱶ鵭ס奂鬳(LBNLע僃냕ؙ״גס٭؟ٜؾ䫴鬼

Rev3
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X稗ס⮵榫
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• XUV哕珷碬㛙ꯛ㓊סFELע㲔杯ꝴ鲣

• 氦辐ס釐姲垙◒⩝榟ס׼־٭ا٭ٗغ٤ؙ
• HIP䫘⺬ס⢸⪒䓪吾削䄄㕙סך, 100 keV~MeV, 0.1%ٜؾؙס

丆⮆٭؟

MeVס냕ؙ٭؟ٜؾX稗עFELעךꦘַ׊

̜鴫٤عو٤ؤ丆▞־ֹלע?
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鴫٤عو٤ؤ丆▞
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꧅㯸٭ا٭ٝכ⩞㯸ס丆▞

⪌㵣ٝ٭ا٭⩞

꧅㯸ّ٭ل

散乱光（X線）

• ꧅㯸כ╾2ס٭؟ٜؾؙס⪌㵣⩞㯸מ٭؟ٜؾؙס奂❆
ն׾׿׼٤ُ稗ֿ䐂؝㯸X稗⩞٭؟ٜؾ냕ؙג׊

• 丆▞ؙכ٭؟ٜؾ⩞㯸ؙעמ٭؟ٜؾ注꞊ֵֿ׽յ⯥亠
亠⺸ךכ׆׌⭳׽⮉؅嶖ⶡ荇סX稗؅⹦׾׎⭳׽ն

<latexit sha1_base64="UN7NzZETB5bXoESiPfT36fQFU40="></latexit>↵

<latexit sha1_base64="qxvuiqOV2wTOuDS2SHtSHCe56rM="></latexit>

✓
<latexit sha1_base64="0THj4RtgVbYJlLVDii8dZKOqVl0="></latexit>

Ex =
hc

�

1 + � cos↵

1� � cos ✓
<latexit sha1_base64="IsWwon30WVIZUHB1T9P5GyYA/8U="></latexit>

⇡ 4�2Elaser

<latexit sha1_base64="FNTdTP9id80A918uzg3nFVXGZ2I="></latexit>v
<latexit sha1_base64="UjuWIumUpktT8N3Fr4K0YZ7E4L4="></latexit>

� = v/c
<latexit sha1_base64="n7b0Ma8YiSeEKe/SlxqPSwmGz5M="></latexit>

� = 1/
p

1� �2 = Ee/(mc2)
<latexit sha1_base64="AcGLrb2gtwFP2P+7MDiff46Ngd0="></latexit>

Elaser =
hc

�
q=20 mrad
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X稗ס⮵榫
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• 垙◒⩝榟ס䣆嫎ٜؕؒنٞو٤عو٤ؤעך

• X稗 0.1%爊䈱٭؟ٜؾؙס䦡ֿֿ׽䑒釐

• յ~1011עךSPring-8׾ַיזם׆؅ֽعتط ph/s爊䈱סflux 

• 㲔嚀עךյ100 keV(SPring-8)״ג׾ֵֿײ⸁ׂםעך MeV爊䈱ע䑒釐

鴫٤عو٤ؤ丆▞ע了ꪫ犉ֿ㵸ךסַ׈յٝ٭ا٭ⱶ鵭+ٝעך٭ا٭
냕չ10 Hzס筝׽鲭׊ (fluxֿ餉ַם׽)

ꦘ佄䈱ס爊䈱⺱כFELע׽䦡ֿ٭؟ٜؾյֿؙ׾ֵךֹא׎⭳ע٭؟ٜؾؙ
㱦㲊䈱׵䑒釐
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㵸㑔냕ؙ٭؟ٜؾX稗氦榟亠嫎
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レーザープラズマ加速+電⼦蓄積リング
˝꧅㯸ٚؕעؠشػLWFAך㵸
㑔⴫

˝轿狯ٝء٤ٛ׵٭ا٭⴫ךⲖ
曍荁ׂ鴫٤عو٤ؤ丆▞X稗
؅榟䡗

LPA加速部

~10 m

電子リング

レーザーリング
逆コンプトン

X線

※繰り返しが⾼いため、レ
ーザー部はCWレーザー
でもよい（当面は）

⪌㵣㉺٭ا٭ٝעⱶ鵭ך㵸㑔⴫ն㱦㲊䈱յⶡ荇䓪ע蠷犉ٛء٤ⱶ鵭㉺䤗软ך䥵⟊ն
ֽ◍ַٝ٭ا٭ⱶ鵭כ仴㰆ⱶ鵭㉺ס埝憠؅遨ַ⺬ֹ٤٘ب٭ٖٛخ
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癨ⶡם釤犉
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꧅㯸蠷犉ٛדױעء٤錃銶㱭▼ךסַםַי׊仴㰆ٛס
哭畀ס׼־לםء٤

Fujikura製ファイバーレーザー
CW, 5 kW, 1070 nm

׆׾׌؅蓄榫לם⩞؅榫ַյGreen⩞, UV٭ا٭ٝتٜق
耆⺎עכ׆׾ׅ┖؅٭؟ٜؾ꧅㯸ؙךכ

錃銶յסء٤ٛג׊攐⴫מⱶ鵭꧅㯸٭ا٭ٝ
僃鸵⴫ֿ䑒釐ג״⻠؅ثؕئյعتؤ

ךյ1MeV, 10 MeV׊㲊♞B=1.2T؅עثؕئ
傪曍ⶐ䏦 0. 67 m, 2.1 m
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⛨⹘ꄆ嚀危䄄哅 AURORA-2D
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٬Race Track㑔
٤ٞعٞؠ٤ب٬ 150~700 MeV
٬䅻⚥㵵ס澷溍
٬300 mA
٬玮⽜귆յ䇶㼖㛻㰢յ杼溿ימ牧⥸╈
٬ ~12 x 3.8 m2

T. Hori et al., EPAC98, MOP10G (1998)
宮出、加速器 2, 388 (2005)

⪌㵣㉺150 MeV ُؕ٤ٞعٞؠ 3 m x 1.5 m, 20t
⪌㵣㉺150 MeV ٛؠشؓؼ ~15 m

3.8 m

12 m

㔃⮵ⵂ, ⶤ㚖鑜乃 2002 (䇶㼖㛻㰢)
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KIT VLA-cSR 錃銶, صؕغ Karlsruhe
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銶槆ַֹכ㵣؅车ֹֽ⪋ךⱶ鵭ُثٚو٭ا٭٬ٝ
٬䇶ַؙ٭؟ٜؾ鷞Ⳃꄈؓت٤ذوجؠ ±(6~8)%
׾ם樟כ䡘չ׌؅泘䧗ز٤ف꧅㯸ס熮عؘّن٬

A. Papash et al., IPAC2017

~14 x 14 m2

꧅㯸ؙ٭؟ٜؾ 50-500 MeV
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二ַ׊䑴榫⩝סꝧ䦌֐냕ؙ٭؟ٜؾX稗׾׻מꪜ滭㙗吾削
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劬踄⺬榫عشآ٤ٚه
HIP䫘⺬

鐐갭ס٭ا٭ٗغ٤ؙ

㰢软嚀꞊סך㓹灄溿狒

냕ؙ٭؟ٜؾX稗؅榫ַג
ֻ✳䤗软ֿٜؕؒنٞو٤عو٤ؤ
־ַם

SPring-8ךלם㲔錞㲔꽦

䤗软鉮婊
ג꧅㯸ⱶ鵭؅榫ַُثٚو٭ا٭ٝ
ⶡ荇٬냕ؙ٭؟ٜؾX稗氦榟逷糋
䄄㕙מ錃糋⺎耆ם㛻׈׀

⾦属技研
QST六ヶ所研

群⾺⼤学櫻井先⽣

儔全炘⚡

荁ַ䫘⺬ꪫכ䖾ַ䫘⺬ꪫֵֿ׾
־׾׌吾削٬畘杼מֹ׻סל

䫘⺬ꪫמ冪⭳׾׌ꁁ⴫擻ֿ⸉㍔

LPA加速部

~10 m

電子リング

レーザーリング

逆コンプトン
X線

ء㵣㉺+蠷犉ٛ٤⪋ُثٚو٭ا٭ٝ
荁ַ׆כ⹦ך׽յ㲔榫⴫؅湾竊⴫

現在、⾦属技研様と⼀緒にリングの設計中
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״כױ

20

• 儖عؠؘةٞو儔全炘⚡Ⱘ鵰◄哅עךյ
㵸㑔⴫؅车ַյסⱶ鵭㉺׾׻מⱶ鵭ُثٚو٭ا٭ٝ
XUVꯛ㓊10~100 nm)ס舅榺꧅㯸ٝ٭ا٭(FEL)㘃䆋؅㲔錞׾׌◀㲊

• ꄋ㷯䤗溿喋ׇ׼־䬠勅ꮼַג炘⚡鐐갭劬踄⺬סלםعشآ٤ٚه䫘
⺬⢸⪒䓪٬ꪜ滭㙗吾削יַחמյ紮껊㛻㰢 垙◒⩝榟ס銶峮䤗软؅⹦
磝סءⱶ鵭㉺䤗软蠷犉ٛ٤כ꧅㯸ⱶ鵭ُثٚو٭ا٭յٝ׿⪋׽
׳磝׽⹦מյ銶峮׽⛼X稗؅٭؟ٜؾ냕ؙסتؠشٚن냕ך׎⺬

• ַ׈דׂ׎׼佭ꪜֽ湳ף׿ֵֿלם榫鵍ַגַ✳׵מ☽
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链鰭
儖溿狒؅鶟׽גֵמ׾״յ閱鑜י׎׈ꮼַג亠չמ䚉链舙ױ׊
ն׌

QST ⪟٧䢥溿狒䢥 ꄇ很鞕⺒
QST 냕㽂ꄈ㯸䑴榫溿狒䢥 ⯥䃷꥔嘻
紮껊㛻㰢杼䄄㰢䈡 垙◒宨


