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LN AL THDLL EAT ALY, BHEANEIPMRET 5. 20720 XFEL BHEOMENIC
AREHEGRFE L0+ SV AOBR N EE CThHDH. Fx 1L, BE UV AOHEZ B L, 1#
XFEL | i@iﬁkéhé%ﬁfl’ﬂ‘/ﬂ:% , BEOMIE b ARI VAR L CEE AL AICES
TEZDME T EfMEEEE, - FEFHEZH O TR, 7=V 7O liA 4 O b Ik iE
ERREILIZE A, XFEL IZEWAERSNDNFRIEFLIE, i 1 bk =L ¥ —2% Al et~k &<
RGBT 5, 370bb, NERIEFLOEHRAMIEE %Jﬁbtt—&@i‘fﬁﬁ%&bﬂﬁaméhé LM
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1. [FLHIC I+ m UL RFAICED, X BHEENIE
HHEFL—F—(FEL)IL, ab—L Mt ZHRNSHRME O FERT — 22 TG T 5 ER
JRELT 1970 FRUTIREEND, ERARIZY FER IO THD [7]. ZOZENB/ L AKE
F—DRRENS B B EBICRESNL T PEORIE, Hr oL 2 BT E O i ﬁﬂﬁ‘z?ﬁ
[1]. 1990 FARIZAD, B CHE B R AS 11X, XFEL O AlRetez BARBNZIA T D720
(SASE)IZ}:5< FEL BB 7By = /MRERE A ThD.
, FEENPORERIZELIHOPDL T R/LF SASE 57> XFEL iR TlE, » L ADREH
—HEI DL —F — ORGSR GLE R, ST GEORIREA I T Y 2 — 2
S72 [2,3]. 2000 FEARITIZHKEKT X #t FEL D &L DT A—=Z|ZKFET 5. LCLS TiE
(XFEL) DB 2N AAEV, 2009 4E(ICT7 AV A D Self-Seeding 1£ICk»Tieeab—L o MEa %
LCLS T, 2012 4F{Z H A SACLA T—H%F ETBHZEITBIL TS, XFEL 7SV ADFEA:
FANBEENDIZE-TWD [4,5]. XFEL I, I Db RERE RS RS T
EE— R R SV AL NS BEAALT WA,
BY, WEROHILTIIARFRE CTh 7= Edif b IF A S OO A B AT O #ENTAZ 1, XFEL 231
FRUGDBYR, # R EO— 0y THEERESR,  AOKRIEE T = ANPA —F —CREICE=H
XFELZFIFH L= EBRICEDTRIEN ZL D E T —L, XFEL BAESME2RELT52E08KDE
MFFESI TS [6]. XFEL ZFIAL-ZEBRICE LD L LIEROIERIE Yo Rz =X
W, —IRICREHEE N 5. UEHEGR VRIS FIEE, XEREE COIERIE R R
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DD TSV TE NN TH 5. Kl

RIRGITSIVAMEDHIEH B P RETHLHZ L%,
XFEL 7RV AD ALY A DS TR R T
ZHITEEILTE [8]. LAl EBEEAIC XFEL @
A 2 SR D A AR — AT RIBR I T
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FREFIEFR I DWW E bl = v ¥ — %
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2. ZEA A ULKRE

% FELBIBCPRER(DFT) 9555 < ASCF &
ERAWTT =V U+ DS%ENHA A Ak
RROFEZITo 72, KR E LT, 7T
DIFEFIZ%E L ce-pVDZ Z vy, ASEBEROFL
2 IRFRF D aug-cc-pVDZ D4y BRI % % H
W2, RRREERS LN R~V ZIREE & K
BB T 5720, LB E LT
LC-BLYP [10]% W=, &1 0T7 =1 >

EAHLIE(LUMO)+1, LUMO+2 I, n*#iliE Tdh
D, ZOo LUMO X LUMO+5 I o*#ilLiE
Y& %A 7 5 Rydberg HiE TH - 7=, X2 »
HoND LIS HHEDHE [T KL F
—HIIRWEIRIC H D DTk L, SAEELET
ey 458 LT 5. HOMO-LUMO % v 7
1£9.95eV Th - 7-.
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WL RELEZEDEEZ N S.
HOMO-LUMO ¥ v 7%, 7.38eV & 7257,
AT CLs 2 IRBEDWHE = L ¥ — % 7.
HOMOnm—OS)LUMOLUMOHJi HhiE
A L AR n #LlE, o EuEOMEE 2R
Tb\é L2 L, BEDRELDES WL
ENENOEESAICE Y B, Hlzif
LUMO 3 LT LUMO+1 D#sEIE, # Dfthod

BB XV b Cls IEFLIC K D < ZEfh ST,

X, AFZALORFE EIZ LUMO, LUMO+1

OEPGER ML TVD Z EMBMANTE 5.

—7%, HAEEE, FESABPE &R LZE
B3890, #ERAYIZ HOMO-LUMO X v v 7
1%, 7.02eV 7otz
HOMO-LUMO Fx v 7N/ a < 72 o 7ot
1L, NIsZIREE & CIsIREDIG A TR D,
N1s2HREETIZ, HOMO & LUMO /#7257
fIZ A L, 2> OWNERIEFLD LUMO OA % X
DRENT DR B2 bNn%. —TFF, Cls?
RAETIE, ME FHLE TV LT
WD, ZDOHTHNEIEFLDS ERRER I
BT DHE RN LZENT D
et L& 2 5 5. HOMO-LUMO X % v~ 70D
HE & DD LS BIE, ZEHRIC B e D 005
%759 HOMO, LUMO % &5t 25 inEwS &
EZHND.

3. BEAFVIZEITLHMEFHE
ASCFiEZHWTHRONTZT =) V51D 2
i D 1 F A L PR HE(NLS?, CLsA) DAl F i
RHE%, Tamm-Dancoff JTELIZ Ho < ek 17
7 LB S5 B4 (TDDFT/TDA) R [11,12]1
L W sRed7=. ASCF 1TV 72 JE I RS - A5 Ha
FHEAULEI S A, hEIRRERI AR CTH M L.
FLUZ6eVLLFOT =V 10— EIEHE
FEhE AR BE D b L = L —(AE) ¥ X MRS
FmENEZRT. iz, K3 IIpEor—7
Z0.leV OFEREELE > —1L Y KA
ATV, 2B RO E
FhERREDFE R b=, £, LT

—— M=2(N1s)
—-- M=2(Cls)

Intensity

Excitation energy (eV)

3 FERBION 2 iAd DT =V DI A
~IM L. M BRI EFRT.

# 1 B2 it 07 =V ORET LR —(AEEV)), E 7 (R Lo

K AR AE f FhOE
Neutral | 5.16 | 0.036 | 0.618(HOMO—LUMO+1)+0.314(HOMO-1—LUMO+2)
state 5.53 | 0.007 | 0.663(HOMO—LUMO)
5.98 | 0.197 | 0.634(HOMO—LUMO+2)
N1s? 3.37 | 0.001 | 0.700(HOMO—LUMO)
state 3.64 | 0.002 | 0.650(HOMO-1—LUMO)
3.88 | 0.010 | 0.677(HOMO—LUMO+1)
4.09 | 0.000 | 0.675(HOMO-1—LUMO+1)
5.51 | 0.024 | 0.531(HOMO—LUMO+2) - 0.380 (HOMO — LUMO+4)
5.85 | 0.017 | 0.541(HOMO—LUMO+4)
Cls? 2.90 | 0.058 | 0.683(HOMO—LUMO)
state 5.36 | 0.018 | 0.409(HOMO—LUMO+1)+0.546(HOMO-1—LUMO)
5.90 | 0.112 | 0.573(HOMO-3—LUMO)
5.93 | 0.452 | 0.424 (HOMO—LUMO+1)+0.353(HOMO-3—LUMO0)-0.338(HOMO-1—LUMO)
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DA FEFBIERRE TIE, %1, 3 EhiEikRE

HIZ nBE D ﬁ%ﬁm@%%_ibiuf
B, TAboMEkox L X—13FNEN

5.16eV L 598eV Th 5. iKE)1-58/E T 0.036
& 0.197 L #gpy k& . —J7, Rydberg # A
T OEIE~DOHE O ¥ — 27 1% 553 eV ITHLD
A, IREhFIREE T/ E 0. RIINSY YRV PN

I AR (1.5 eV ~ 3.4 eV)ICIE B — 7 1
TFAE L7720,

— 5, 2 fioHh F A R E T
HOMO-LUMO ¥+ v 7768 THITE S &
I = R X =R TR T 5. NIs2Hk
RETIX, 58\ 23D b AalfEaER O 3.37 eV
12— o*~DiE v — 27 NEN5E. ZDfMmo
n— c*DOFIE D — 2 & LT, 3.64,3.88,4.09
eV R TE 578, [RERICHREE X9, ik
RIETH, n>m*DERIL, F1L,2EFHOM
e —7 & LTENLN, NISZHREE T3S 5,
6 FH O e —2 & LT551, 585 eV IZH
5. Cls? ke T, IELLHD 2.90 eV
)RR D HREGHI R B — 2 3]
5. EOMOERE ORI = R /L¥—I%, 5eV
KO HREREE RS> TND. LLEDRE RN
5 %AlA A ONFRIEFLIZ X 0 BT HhiE o
E— 7 A REIkIC > T b D T LAV

BRI ENbhotz. T72bb, NRIELD
mﬁ%ﬁ SO —2r D7 b ELTHE
piaire he

wiz7a AN L72T =V v OffiE 1
BB L TRFTLZZ., 7a b oAmc Xk 5%

27t — w*iZ

...... M=2
—— M=2(Protonated)| : :

Intensity

Excitation energy (eV)

X 4: FabATMBIZRLD 2 DT =V A%
ORI AT L. MIITEBREET.

Y, 6 BERTIER < -NH3 JEIT IR 2 8LE D
ﬁﬁk%wk%Mémé FRAEDFESR, b

NH3 WZRTET D o*flEss, 7'm b D&

CEVERIZREN SN TND. EORER
HOMOLUMO%&nﬁ7i'$%% E, 2o
N1s?{KHEF LT CLls®IRAE & Ll L Th, &%
H/NEWN536eV o7 K47 e buoE
MIMLTZHE DT =1 U455 F DRI AT k
NER LT n— o*lZ)mE S5 1.74,2.09 eV
DR E— 27 & LTz, ZofER
X, T2V HFICBS e Ao
% WIN R ML DR FIREDES W
L0 CcEx L LEBERLTND.

4. B4 A > DFdn

WIZ, Wik A A ARIRREDFH 2 RAE D 72
W, 7=V UaFIcEB T B hiREE, Ni1stk
HEXS L O N1s? WEED FIERERIZBIT A LLF
D L— bR AR [13].
Py(t) = =P, (t)j(t)(cc1s + oy

P i1 (0) = Po () j(onss

+ GV) , Q)

—Py1s-1(t) j(£)(on1s2 + Ocis T ONis)
_Ple_1 (t)ers ) (2)

—2 (1) = Pnys—1(0)j(D)onqs2

—Py1s2 @®) j(t)(0c1s + Gle)
—Py1s—2 (t)ersz : (3)

%, EhER PR,

N1shIRAER £ OINIsIRIE D AFTERER & %5,

- - o
T2, 00 o, 1%, Cls7E

P,, P P

Nis* ' ' Nis?

Glel GNlSZ 1

N1ls EF, MEFOA A A fEEZ R L,
i), zﬂi, FNENHDT T v

Z, N1sTiRfE & NIsZIRBED A — 2 = lFE D
L — 2R, 7=V DA FAbWrm
FED /3T A —H DL, 8047.8 eV DY 7T *
IF —Z O XD RIS L7256 DA
A oAbl 4]0 REDL Y, L— MR
KL, a7z,

X 5 (2R CTIE L7z XFEL 73L& (1B
B L OEAEAD 0.1 pm(TTE) B3XT 0.25
um( FE) DGO L — MR BHE LT

erS’ F
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5. (LBOFRE CIELZ XFEL #SLARE, (1
B, TEENEEZ 0.1 um B LY 0.25 um OF
B O NIst 5 LU NIsHIRIE O TFEREF O RFH] i
fEPE. KRR OMRAEFBHI R L CORM R AL,
T =0 T ORIREE, N1sTORRER XU
N1s?REEDIFIEMER 2R L=, XFEL /UL
BREEIE 1026 7T, 10 fs (2D A HF b i 4
B8N 5 fs DA T AR SNV A TH D, HEAREE
X BT, £ NIsTIREEDIFAEMER I L,
Z D% NISZIRREDFAEMER L IIINT 5 . 54
BN 0.1 pm OBAIE, A NI1s kgL
FOUNISZREEN R SN D -0, BT 5
v 7 ADTG & A F U ACIRIED MR & DA
PIMEITRERR T & 720, FURERN 0.25 um
DAL, FEMESHE X 5. BErs,
WY EREREHWT, XFEL 27 =1 v
ICHRE L7236, 2 oA A XTI
DHAERRT D, T725H, XFEL MRS
2 WD I IR ORI AL Z 5 Z &8 F
HEhs.

%I, L— MR THER SN Nis?
WD WFHmAFH Lz XFEL O~ <1
— 7 OWPEAXF—LMIE L TEmT 2. ()F
9, XFEL L —H#—& 2 i1 4> OM7E b
BICHIBT DAL ——% T =V V1
RS 5. ()T L ——1%, XFEL 28

BHE SN TV IHOBEWRIAEZ S .
(I)XFEL /v A g2, ATEL L—3 — DIk
HHRES S, LLED®)-(ii)c L - T, XFEL
DRSS D 1HE WA 2 & 23 AlHE
G EBEOMEIZY - TiL, REMPI
(resonance enhanced multiphoton ionization) % L
ATZWIERE DFHUNF 1T D B 2T
W5,

5. F&H
EFEHHEEHNTT =Y VS FDOSE
A FABIRRBIC I 1T B EFIREE OB LY
JEbECARBE 2 AT L7, PNRRIESL & M7 s
D7 —a B LY, EFREO Y —2
MAGEREI E CR R T 52 &L 2B 6
WLz, F2, I bhAb LT =Y TR
EHIHRTRBTHZEbbhotz. KU
(2T DA E Tk O AR W O E I3 —i%
BTHY, EBET = /) —N72 P THRBEDTR
TR aiER LT\ D. 2 Oz 72l
B ORI OFEB N HFEIND. —H&
ICNFRIEFLZ FFOIRREDFM T4 <, A RIEL
D EF7T =Y DN 2 HIEFLIKEETH 5
fs BEDHM Tho7-. > T, XFEL DR
FOMOHRFIET HNFIEFLIZBE T D 1E® A,
M A B A7 MVICHE SRS, ZOF
PRAFI L7z, XFEL O HFRREEHIE A % —
LI L ThiEma T o7z,

% Xk
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Theoretical Study on Multiply lonized States
toward Measuring Time Structure of X-ray
Free Electron Laser

Yutaka Imamura and Takaki Hatsui

The X-ray free electron laser (XFEL), which has
been open for experiments from 2009 in USA and
from 2012 in Japan, is a unique X-ray light source
with an extremely high brilliance. When the
XFEL is applied to a sample, multiple ionizations
occur as a multi-photon process, and the sample is
damaged. Therefore, an ultrashort pulse that is
short enough to avoid the sample damage is
required for establishing XFEL science. To aim at
the ultrashort we have

controlling pulses,

examined multiply ionized states and their
relaxation processes of the valence electrons
through the valence excitations, by means of
first-principles calculations. The analyses on the
excited states of doubly ionized aniline molecules
demonstrate that core holes produced by XFELSs
red shift absorption peaks to the visible light

region. This indicates that information regarding

the core holes is obtained from the redshift of
valence excitation energies in visible light region.
Also, by estimating the lifetime of the multiply
ionized states with the rate equations, the states
which red shift the valence excitation energies can
be observed under a feasible experimental
condition. This means that the information of the
XFEL pulses is extracted from core-hole-affecting
excitation energies in visible light region, in
which ultra-precise measurement are feasible.
This research is a very important step toward

controlling the ultrashort XFEL pulses.
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