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BRI - BT 3 C LIk DET R FERT 2R %
P R TIERR L, fRTd 2 2 &z HfEE Lz,

RELTE, MEIBEITAETELSEERT Y
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KMV, iz, HMEAE UTIIRDITER - ﬁ%&%
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NI TARER2Z 2 LT, KR IAHEDOH TEAERD
%ﬁ#&@ﬁ%ﬁ%btoﬁét, ORI T
KT B DI, KRR HRINICHE - BT 5 41%
EMNZ RS T ERFRA LT, RHFETIE T O AT
B ORI &, SO ROREE & OB U THlts
T 5,
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KERRIET N T T 2T L Uz &7k 2 FH
57%, WHICIZIENEEO —~ETH 2/ 9V F Vi (PA)
%, IKHICIERGA A O R HEIERITH 2 LA T 77V
W7 VEZT L (STAC) ZIAfRL T2,

PA ) U STAC WXHELI K D, T b T 7 IRk
HEOEA Ulzs 7KiE Millipore Milli-Q system 7 U Tl
e s 0V, e LTT b T 74 VIC PA
TSRS BB p 72 p=10-20 mM IC L7z & D&z, &
7ok & U TIKIC STAC Z VAR & FIRIE s &2 s= 1-50 mM
LLizEDEHNW,

RO R OMERRIE , IMAHZ I p=20 mM, 0.5 uL DR
i, KRS s=50 mM, 3 uL & U, KM Ficiiid &
N, fRCEMBE (BX60, Olympus, Japan) I 4 {5 DX L
> A (UPLFLN 4X, N.A. 0.13, W.D. 17 mm, Olympus, Japan)
%ﬂ%Lﬁ%®%mwﬁm%ﬁoto

AROEBIZE XV NABELIC K D175 7o, HiE
IEJIZ\JUJ\: N AR FEHEHE Photon Factory 0 BL-15A 1T
RS N X B REEZE 0z, XERIZ Ge (1,1, 1) 1
KOBBELEEZ 015mm & Lz, Y2 IEh 7T v
T4 IWVLKNCXZBEZEDT7 7V )IV)NIC, 7K s= 25 mM,
700 uL FICIHAH p=10 mM, 350 pL Z &R E L7z s D2 Hv
Too IKFH ISR ZEFE U721k, KOS5 X iz
TG LBz 17> 720

WHORMEHNZ BT 2HEBRICBL T, BERE
145 mm @ ¥ ¥ — LAZ K H s= 1 mM, 100 mL % 3% & L 7z
DB, p=20 mM D% 100 uL Dl & LEEL, &
YRGS THEEHOTT Y RZIVET A AT (NV-GS
100K-K, Panasonic, Japan) IZ X D Bz 157,

IO BRI E S G #H) 2 858 5 IR B
TiZ, 800 pL OIKHH s=20 mM %27 7 V)UK FIciE@ R L,
5 7K & LD B 200 ul O p= 10 mM & 7K i
FhE LB 2 T o e REBRTE RO ISR & Fkk, >
¥ RO TS TERENVTCTIRZIVETE AT (NV-GS
100K-K, Panasonic, Japan) I X D BHEZ1TV, RO
% Image) Z W TTTo 7

ITARNTOHERI=ER (~22°C) TITbNi,
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3. BRRUESR

HWHH - KFHIEZENFNBRRRIETH 2D, Ths 24
FEMEES &, KRB TEERRR SRR
Lizo NS ZRAEMBIC K OBIZT 5L, Fig lallR
INB XS ICHKARHEEIC B THIEITI 263 2 241k
WERENTVWS Z EWEREE Nz, TNHDEBIROM
IS N XARBELEIC K DB LTz & T 5, FRIRD
Hﬁ%@%ﬁn&—/%rbtoL®H%$ﬁﬁg1mg
DI 0.155 nm™' DNEICEINT Ty FE— T HEIgeE

72 [10], FHICT DT T v TE— 7@mﬂﬁ%%ﬁ?%ﬁf
WEThs ol

TNHOERED, ARICEHEW THZKRIHLAEIC BV
THREEMNICH ISR O R EERNER T 2 T LD HERE N
Teo FTo, TOHEMLIZEAEEDEE DK LUE 40.5 nm O
T ATHE (Fig. 1) ZAT 5T ehnholz, FHEE, #E
ORI N TE, WHENFEE LR WELIO/K—5 s
FREARICBVT, FAOT A THEERHT 226 RDH
HEINTW3 Ulmo;@g o2 7 aiEEn 5o
BENBE LT, DEEROIEREEEENFEEED Z A T #iE
EHTHEE %kﬂ«%%kﬁ%< Z L OKEFEMICE
LT ENTHEND, T, @H DX S BARmELERR
DI ATHETIE, 10nm Z#EA 5 &9 GERMSEZE

(@)

organic phase
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(b) 5 (c)
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5 |
2 Wl e
.
o
S 0 04 08 12 16
q [nm]
Figure 1

(a) Image of aggregate formation at the oil —water interface obtained
using polarized microscope. Scale bar: 200 um. (b) Azimuthal plot of
SAXS profile. Peaks are indicated by solid arrows. The first peak is seen
at 0.155 nm™'. Higher-order peaks up to the sixth order appeared at wave
numbers equal to an integral multiple of the first peak position.
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(a)
120 L~ driven by interfacial tension
T ]
£.100
8 driven by aggregation generation
< 80 N\M
60

Figure 2

(a) Time change in the apparent area of an oil droplet. Initially, the
droplet shrunk and then quickly expanded and shrunk again. This
behavior was induced by the change in interfacial tension. Subsequent
fluctuation in the apparent area implies continuous, irregular deformation
of the oil droplet. The mechanism can be explained by the effect of
aggregation formation. (b) Snapshots of the irregular droplet deformation
taken every 2 s. The initial image corresponds to 40 s at (a). Scale bar:
10 mm.

T 256, BHOBES IS K D RIFEOEWHEEICE D
iz < <, 77 W T E—T DIEMWIENS T ENZ0, Ll
BTG, KV UTIVTHNT T v TE—IHEHN, @RE
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RICHELFEHIC BN TD T NS OREZ & DB AR
BRI K DMK IO Z S NS 5728, il
FHZZ W & UokAHZRm LICERE S % < & THRmOEE) 28
KU Te, MR DL O 7 Fig. 2alind s
391 20 WIRE R E L2 RSS2 EDN, A
7= HOHEBDIEE & & BIRZISHIN LTz, KT, b
DFED 1 LU ORI/ N 2282/~ LTz, T
DX S BIROMBOER DD, WD 7z HOmE
—EEOECE B D, ZTOMIEAHRANT 1 REEIE
EELEWIE, TOELWTW SO MmO DR+
% Fig. 2b1CRd . T DR, O TIE N LD ZTEN
10 DEEEZNMFITERL, | BPEETHRET 2 L0 EE
(bleb TERD) 7, MDD AT CAANCHE DR Lz,
O E H IR IGE, %727 OEADMIEO 2P RIER
— U B X KUK 35 K Gk A O gk ) D2 ki
EHLTW2EDEEZ LN, FBE, TNbOESHc:
WIS FHRDES SN THB D, RICBUT 257
RO = EX TV AZFRHECTVEEDEEZS
%o — /7, D bleb LR Z /R LTV 2 BBSIC BV TS,
T VAZRMBBR I Nah o, Tz, FELEOZEED
HEE—RBDIEFISRN T &, BXOWHSTERFENRS
Nz &b, bleb AU, FUETEESNEE TN
ICBIRENE YT dZMER DO RLE M & IFAENIC R
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Figure 3

(a) Polar coordinate for the interfacial position, p(6, ). CM corresponds
to the apparent center of mass of an oil droplet. Scale bar: 10 mm. (b)
Spatio-temporal autocorrelation function of p(#, 7). Strong peak exists at
At =0 and 46 = 0. From the point where the correlation becomes 0, the
typical peak size was 0.74 s in time, and 0.3 rad in angle.

BHRURTHBEEZOLND, FEEE, MIED bleb JEAKIC
PEOHK A TA G CTHEERG AR ER L TV, Tn
5D RN 5, HIED bleb JERGED)E H/K A M TREEMIC
ERT 2RO RDEETHZ EFEZENS [10],

NS DIRH DL DR 2 IS 5728, HE DI
HEEE) 240 2 2 RER 21T WA TR AR O IR Z2 [ 217 -
Too T OFMEAIE Z MR O E O SERE L UTHIE L
(Fig. 3a), ZORHZE(LA 518 5N 2 EEDRFZER] D
ECAHR (Fig. 3b) 2RISR LIz, 2K D EFIEHOE D
RN E— 7 RS, KA RFEIFERE 41 =0.74 s L FFHL
75t A X 40=0.3 rad 2455 B, 10K UEGZR S
MICEZEMAMICE A RN e TN 5 [13].

4. BEETIV

PLEOKER IO, D bleb JE KA F i MEHI 2 & 1k
DOFREEFETOERICKN LU TECS T &, £ZTOEE
DRI A XA T %500, Rl ik UJEY
EHIRNTENHALM R Tz, T T TIREERE
I C/AKAHDZEE 2R DOMiMEA L U, D4R - Btz &
& LB L= ET )V (13, 14] ZfHWVW3 C LT, lifEo
bleb TEMNZERAERITER T 2 Z L ZIASMCIT S, F
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@ . steady-state
initial condition breakage of aggregate

oil droplet O @;‘g&g&g%ﬁ

Figure 4

(a) Schematics for effect of aggregate formation; increase in angular
and radial stress. The aggregate with lighter color represents more
fresh aggregate. The aggregate is formed only at the proximity of oil
droplet surface (left). The aggregate is pushed out by the aggregate
newly formed inside of the preexisting one (center). The old aggregate
is stretched at the outside as shown by the mesh line, resulting in the
breakage of itself. Steady state is realized where aggregation formation
is balanced with the breakage at the outer surface. At this condition,
the internal pressure of the oil droplet increases. (b) Schematics for the
mechanics of droplet deformation.

T RIRFIC RN 7 A X TRTE S T &R %,
LIt 2 XGCDETIVEEZ D, TONRERKITIEFEWD
TV BIHEDIIRD, ESTIREICHZ>TWVE T ENDBIE
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RSO ARDE SR BN IRk & rIx g, HICE
OFEAIZIIFEO L mT S CERINCAER L, AMHEmE T
T 5895, TOXDREMTIE, ARG MERmM
TREBWNCERT B78, EEANCHEID SHMAINEFL
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M A ETIMICs | EEIEE N, AETmcs 7zt
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ENBINC - TIEN 22T %0 F Te AR MG T <
WCONBL FIEEZEIND D, —EDIGTILL L THEEEAD
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F AP I EBRROEREER kLT 5 ELIFDXSICEZ
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ETC, TORUTHZ—EDAE 0 ICBVTERERDE
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JEARTCICR Do LINLEDD, HEFKMCBNTERE
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NEFBND, KEARFERZITS LT, ©—LDOY >
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Soft X-ray with subpicosecond pulse duration at the Compact ERL

Miho SHIMADA', Ryoichi HAJIMA®
'Accelerator Laboratory, High Energy Accelerator Research Organization (KEK), “Japan Atomic Energy Agency

1. [FLC&IC

PF-AR T, #0100 E IO A —)LT, L—H%
—EXFUCKBRY T « Ta—THEC K 2 Rl E
WEEZ TN T3, TORBA T —)ILAY 7 akhx
TR % L, EEIHRORIZOMBAN, SfReD €
T T4 —ICEIHTES%RE, HAEPETZ L ONEE
ML LR ENTWVS, L—Y =D T, Fv—
7°73)U Z 41 (Chirped pulse amplifier, CPA) I X - TlE/S
WAL R, T L ML —HY =D HENGRERY — )L
ELTERL, EHI7 M4 —X =D/ VAL THHE
ENBEIEoTze — /T, EEY VT D XD IV
AMEEHEEE TN TWVB, T, BNV FOETH
BSR4 % 3 b — L > MRS (Coherent synchrotron
radiation, CSR) W E T /N FIC Yz > TZ RIVF—575 16
AL, VI TCRNZERZEHICNLEILIE S0
TH%[1]o PF TREBEBFNVFOEIRZBXIZ30ps TH
%, BESSY, SPEAR3 *® New SUBARU T, &MY 7/
THENYFZERLES &, Radt T T 0 7 XEMEN
3, BNV T DI ORISR GEIEM TN TV, L,
CSR DI KREL, YT EaAPRONYFEZLZEICH
EEE2ICE, BURTR ANV F YT OEiZz 1 uA LUF
I Z B R0EHH B (23]

ZITT, NFREOEVEFLET 2 LML —Y—7%2#
HEDE THE XSV ALK T 2B DH 5, UL
DRI 7z LMV AL =P —Ic K327+ U HGEL
(inverse Compton scattering, ICS) Td %, IEMHEZEDLE
I, XEOIVWVAREEFNVFOEEITRESD, B
MHEBET 2L L —P—DUVAE L EET A X TXFRD
INZIVENRE B 728, H 7 ¥ RO X# OV AHATEEIC
%% 4 e, MEVAETHFTZ2ELHD, FIHEL
TEHZHE10 s DXFWV VAP ERTES [5], 50
DI, L= —NUFRAIALRLWS FETHS, 7V
Val—RWBEFINFICH LT, TOET LIRS
fFzilzd RO L —P—2EET K5I TH L, &
T L—YP—RBIRNF—DOZFEL 2TV, ETFOILX
WEF—IEDNOWERT B, ZD%, RIAEHKARDT >
Val—RzEifdbE, TXRIVF—LHDH-IETD
AMATAAENT, L= = OVRALHEFED/ VAR
D X K72z [ % [6]o

XHREHE 7L —Y— (X-ray free electron laser, XFEL)
TV F — [EUARIE ii# 3R (Energy recovery linac, ERL)

T8, BIEINEEESAN— 2 L7 B g T, WISH LW
BTN FZMHET S 72812 CSR OB REAEL 5T
KEHER (EREICENNYF Yz OERE) TRV F
INAJRE L 75 %o KEK OFFREHID 5-GeV ERL Tld, 1 mA
(1 MHz, 1 nC) TNV FE 100 fs L FEHIEL TV 5,
BHAIE, 55GeVERLD 7 A M TH % a /87 b
ERL(cERL) DA T > Z— R —)VIc R TH 5, 2 )L—
TR L TED, T3IVF—IE 35 MeV A5 245 MeV
ZHIN—F 2%, TODERLITEVFERIC, 7oL ML —
P—lc X2 Wa> 7 b UBELR T TNV Y (EED
mm A5 7 mm) O CSR EWHFE LTHMAT S FET
H 5B, 1CS TEL—Y =3P EMERIFEIK (800 nm) DT
Ry YT 7 AT L—H— (Ti:Sa) ZHHT 2 FETHD,
14 keV DL E O X DG E NS, AR T, D TiSa
L—H¥—DfRbHIc CSR ZHW Tz a > 7 b VL 7z 12
EL, YT EaROMXROERICDONTERE LT,

2. L—¥—=#av 7 rHEL
L—H—iar 7 s UEEL e X, HERRER 3 %
T RIVF—DEOEFICEZE LD, KDEWIEEDL
Ll THELEND T L 21T, ELS NIz D T xIVF
— EZRDEL ST,
E~4'E, (Eliff79),  E~2y°E, (WHEZD (1)
CCT, EEBLUyRENTNAGHEOIRIVF—B &K
UErou—L»Y 77 72— (ETOT3)bF—ITHH]
T3) Thbd, LT NIHDO T FIVF— E 3 H24MH &
WIRTEL, BIZIX, Ti:Sa L—4%'— (1.55 eV) & 60 MeV D
EBFTIE, [EHEZET 85 keV, HEH JT AN 5 O 24
Tl 42 keV DHTHEEND, TIN5 O XFRIEM N
EZER IR E T 2720, MHIAY FTIA A A=T VT
ICHELTHBD, SR XIHEEA A=Y 2 J % 2Ot
FUCHWSEN S, Fig. 1ITRT K91, [EMfEZEO XN
VAN FEIC K > TREZ D, MEEzETld L —Y—
DIV ARE LN A RHAFS B, LIeW>T, YTE
OISOV ZAENRE NS T2, MLl isg
HEE EDMIICEIGHEND TETH B, 245 MeV D
IRIVF—DEWET T, 1 MeV UL ED y MR
N, TR O FISHOCIEIE 2T 5 E ORI R
ENTWVD [T, L—P—=wiar 7t UEELTRET S X
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Figure 1
Schematic figures of laser inverse Compton scattering by a head-on
collision and collision from the right angle from the side.

R yROMOIELIEZEFE—LEL—YP—DHOIELT
IE S, WSz MR e U R iRl 0 RER T,
1~10 kHz DFEO R L EFHD L —P—Z N TRE T
XREFLT BT —ADL WV, A XA—I VT DX S ki
AR DOHERTIX, T— Ry 7 L—¥— 1oh5
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ETAICEMUTETFEEEIE 2 HELEATETET
%%o:®$ﬁu¢ftmm®AWT%jéhfﬁb
1000 f5DWERZRERL TV S 8], ATEEHWS &,
cERL Tl K 10 phs./s DIET Qb‘?*aéﬂ EFER X R
NHIEZEA A=Y 2 TORIRIGH R EICE FRFTE %,

3. ae—L> bt - vo0bOvistit (CSR)

NV FREIRTH3EEOEWEH NN Z 5 -
TWa7zs, Jb—L ¥ MG (CSR) IC/R %, Fig. 2
IR % RS, CSR 2B A MEHEDTRE PIE T +—

LT 7 7B =EMENZIRTA—=R FEHAVT, KELD
BT RENS 9],
P(A) =[N+ N(N-1)F(A)]p(1) ©)

T, NINYFHTODBETE, pld 1 DOBETOIR
BHCOBETH %, FO) IEXTETOET S HOBES DT
— Y IZEHO 2 FICHIL, NYFEIEEIIEXRTT
GNEVEZF 1L DL, TDL XD CSR DR

Incoherent

Coherent
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Figure 2
Schematics figure of incoherent and coherent synchrotron radiation from
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Figure 5 Magic mirror scheme of the CSR inverse Compton scattering.
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