X4 B HEBF L —F —SACLA 3)E1T B R3k

K& 4
HALEMERT MR Aam R ¥ —
XFEL #FEBAFERMH B — LT A UM% 7 v — 7

XHBEHREFL—Y— (XFEL) Mig% SACLA (SPring-8 Angstrom Compact free electron LAser)
E, HERTIEICLDTO=a 37 b XFEL fifk Th 5. FHFE JASRI OFEFEF—LIZEY
2006 NS 2010 FED 5 F£MIZH 7=V, SPring-8 VA MIER S N/=., BEZEH ILEEH
TUValb—FERAVLILICEY, KBEHENEFE-LADOTRLE—ITBNTH, 1A
UL LD EER X B L —F—DERNAIRE L 7272, SACLA 1%, JHIOFE@ED . 2011
E3ARCKROOXBARKNZBHL, B4ANL L—V—RIED D DORKEH L EERE
%%%\6ﬂ7amm\ﬁﬁ%%@%%IXW¥~T%5wkwmﬁwfv~$~%%%‘
RRLZ[1]. Z0%bFHE AR, 2012 4 3 AL It EREZ B Lz, BmARIC
4.5~15 keV DHF T R X — 2B W T, 2L A Y70 OYFH ~10" photons, Anazm1o
fs UTFR2]D XL —HF—2NFRHICHEIN TS, /2, SHLICHELZEDDHZDIT, KK
REWUNFINEZ O VN —T LIFETEHRI TV AT L2E2FHEL, 1 70 A4 XDF
ML DOENRE — LBV —TFT 4 VOFAERICAHNONTWS [3,4], £72, HFEL—F—L
XFEL Z[RH L7z 7 7o —T7ERIZIT, MEBEOFA I 7 OFRINIEFICEETH L0,
Fexld, 10 7= A NRDONRELZFET LA IV 7T — 2B L, FIAER~OEA
ZEDTND, I HIT, SACLA D/V AL — K Th D 60 Hz [Z[REAFTRE A2 BB AE 2 IR T
BEREL, A AV /ROMEROEHFERSICTELFAL TV D,

XFEL 1%, LW A = REZBTETHMOTHENRY =V ThDHHMR, —F T, KR VY—R
®$Emiéfwb54b@%%ﬁﬁﬁﬁ‘®k%@%%kﬁofwé Fxix, 2K
D22 FTIm IR EEFAICE < OFAKRES 2R8I 572012, #H#O XFEL £ — A7
4/(mm®ﬁW%@®fwé SREEEIC 1%%%%##é%mf%5 F. E—4D
R - REHOMEZ M EIF L7201, v — REIOXFEL OEHF HIT-> TR Y | REEH

DORERAZFE L TW5D,

[1] T. Ishikawa et al., “A compact X-ray free-electron laser emitting in the sub-angstrém region”, Nature
Photon. 6, 540 (2012).

[2] Y. Inubushi et al., “Determination of the Pulse Duration of an X-Ray Free Electron Laser Using Highly
Resolved Single-Shot Spectra”, Phys. Rev. Lett. 109, 144801 (2012).

[3] K. Yumoto et al., “Focusing of X-ray free-electron laser pulses with reflective optics”, Nature Photon. 7,
43 (2013).

[4] T. Koyama et al, “Investigation of ablation thresholds of optical materials using 1-um-focusing beam at

hard X-ray free electron laser”, Opt. Exp. 21, 15382 (2013).



XBEREFL—F—
X-ray Free Electron Laser: XFELDAGJYRSHF AT R

R
} (X109) '
S
ol SR B FXRIT
i]}'ﬂ“% BIALF—EERE
M [ SN,
AA—=DU T ks XFEL ﬁ%"’i*%ﬁ%ﬂf
= o R A
= BakE—L A e

I (100% in
Al tra‘is;lerse)

(~10fs) |

" it €20 =
RIEN SATSETHERATIR L © 4= | .
XFELBFZRERSE#BM - £ — A 54/ fig \ Tu

yabashi@spring8-or.jp",
+July31; 2013,@:'**(:‘*11:“
b

Contents
R DI /T EXFELFEEE
1. SACLA D ELERMERE B FY2006~2010
2. ERRBR L& IEFIA FFEEL: 20124E3 A~

3. AAFAICARIT-RYEH
1. CEHAHE AT LN REERET (SFX)
2. TTLMDXERIRIR S S

4. RE

FEN E DXFEL OV INIRXFELDaVE TR

“ A ”’7(| | h' ‘J h.

19905, =754 5 — 5l [ 4 BT LT -":\i; - B b5
EHEITT AN KLY TR BFE RILE—D qu;yc;l
L

[FCFEo7=

e o
GAZEM

C/AUR

7 A)AD5HE (LCLS) = iR B ER EammE
BFMESFEFIA DZSN
2009177 =RhL =2y F g
EHRBY L XER
EIIvay
! EIIvaUR ZREFH

N

6




SACLAD 7 7—AML—U0 4

201243 A Ao F| AZEERBRA

’ .ff:'-‘i!/w?-: #ﬁff Fd = 'EEEU)'U'VU—

FR:-BHR
E 3

T R . Pulse Energy 0.3 mJ @10 keV -> 2x10"" photons
UF4a=vY g ’ Photon energy range 4.5 to 15 keV
. Stability Intensity o <10%
| Laser booth N Pointing 3 ~7% of beam size
(PR Repetition rate 20 Hz (Max. 60 Hz)

Power amp: ~ 3 TW

nafne

- RBAER BERERE 0T | photonics

- =549, mEREL—T—(“HE
A =TI\ iy 2 agam .
Al H mfsg?ﬁﬁzligﬁ Y A compact X-ray free-electron laser emitting in the
E‘E’Qﬁ 5Uh-én55trﬁm rEgIDn Nat. Photon 6, 540 (2012)
{ B SRR EERICRS Hitoshd Tanalcs and Makina Yabashi et ol Basi'c performlance in~2011 10

-

s NS — q =8| — ° =
FHbLBEEHND — AR ER A E—LBREED S, RAVT1T1E?
ARAY—i—% EHMEBE—LE HRE=SRHEH ASHERDREREL (20128 )
(AIST, Z5 7k 8 =% (SACLA) (DESY/PTB) o g
%£G) .
ERIATHB :
F
Photon Pulse energy /uJ 5
energy /keV i
4.4 32.26+035 32.9+20 ,
538 1042+13  106.6%6.1 July 25, 2012 ! Sep. 18, 2012
96 95.3%23  939%6.1 I:-El' wll a1t .
13.6 422411 40.8+29 e JI#.':‘I' q.‘(l"w[i ]ﬁ' II_-",I At ey e,
16.8 0962003 _ 5= %o I'\ ' ? ' L !
Max. Deviation = 3.3% & 127V40 um| : o] vioum,
Kato et al, Appl. Phys. Lett. * .. H50 um fEakie ~| H20um e
101 023503 (2012 L T
T. Tanaka et al., NIMA 659, 528 (2011). 12
K. Tiedtke et al., JAP. 103, 94511 (2008).




L—4—-XFELDOBMZZIETN S

S L—H—EXFELO T E B 513
XFELCEFERE EBEOEILENFEL—

Sato -san ( SACLA/U Tokyo)
Togashi-san (SACLA

#-ctJo-J |
2 *"'_f-:_:""‘""' + Conduction band
I
1
Egap < Epnoton
L 4 Absorption
- Egap > Ephoton
P "n_;“ — Transmission
5 te il

10 keV X-rays

XFEL 1D focus L

™. Valence band

ot number

m=) Pulse energy < 10 uJ

S. M. Durbin, et al., X-ray pump optical probe cross correlation study

of GaAs Nature Photonics 6, 111

~ 10 fs resolution

H%F‘l*/“/’;‘l—c‘:ﬁﬁﬁ’é

Single shot image
m W W m m

A m S
Hlstogram of'amval time
Timing jitter: 130 fs (rms)
Installation to BL as a “permanent”
system, combined with grating beam
splitter (early 2014)

NILAEEE—H /1) —

Pulse Energy
Photon energy range
Stability Intensity oy,

0.3 mJ @10 keV
45 to 15 keV
<10%

Pointing 3 ~7% of beam size
Repetition rate 10 Hz (Max. 60 Hz)
Pulse duration ??

Peak Power ??

Temporal domain

oW
g =

P
S

Power

BT R}

Time (f5)
sol 1= 30 fs ]

401 4

Power (GW)

201 B

0 L , L
-30 =20 -10 0 10 20 3

Time (fs)

1
=
H
)@I’

R &EIRE (RRIML) EDRAR

Frequency domain

~100 meV

9716 9717 9718 9719 9720
Photon energy (eV)
Resolutnon << 100 meV

Nl

<

Photon flux
(photons‘pls‘0.1%b.w.)
<

‘Ju/U(J 9710 9720 9730 9740

Photon energy (eV)

FEEOIVT N ayb AR OA—4

SACLA: Diverged beam (elliptical mirror) + flat,

LCLS: Collimated beam +

bent, thin crystal analyzer thick crystal analyzer

Elliptical

mirror

_—in

p o =

Undulator 10KV

Sicrystal
MPCCD
camera
M. Yabashi et al, PRL 97, 084802 (2006)
Y. Inubushi et al, PRL 109 144801 (2012)

SwissFEL: Grating
e o T

L

D. Zhu et al, APL 101, 034103 (2012)

,..__,..-ﬂ'-

P.Karvinen et al, Opt. Lett. 37 5073 (2012)

RIXBHEE (SACLA)

Ermnty e

Weak
Narrow

Bunch compression
Spike width in freq. domain

®WBEERARHFIVEHE (Si555)

Ermnty e

Strong
Broad

Fourier relationship between temporal and frequency




%E&FEL‘”/EJ.I/—*‘/EI‘/&G)J:I:E

le'- AIE=11I0 meIV Aé=296 me\ll AE=I600 ImeVI(FW M)

Experiment

o @, i ada s A 2 4 & 1 3

"

=4.5fs (FWHI)1)
Simulation 1 ]
“SIMPLEX”

-2 A [ L F | 1 H 1 T a 1 a 1 a
thaion praloh sy 8V

Y. Inubushi, et al, PRL. 109 144801 (2012).

HEREDFELYD

Pulse Energy 0.3mJ @10 keV

Photon energy range 45 to 15 keV
Stability Intensity oy <10%

Pointing 3 ~7% of beam size
Repetition rate 10 Hz (Max. 60 Hz)
Pulse duration <10fs
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200 shots (one K value)

* Observable range 30~ 40eV
(one K value)

* resolution ~0.4eV

O FEL Dispersive XAS
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rms deviation = 0.9%

absorbance (arb.unit)

200 shots (20 s) for measuring . . .
XAS with good S/N level 9.65 970 975  9.80
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