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collision at E,,,=105 MeV and incident angular momentum L=13%. The times f are given in units of 10~* sec.
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Sekizawa, Yabana, in preparation

- Horizontal axis: Number of neutrons of
lighter fragment (incident 4°Ca)
- Labels “(xp)”, x=+1, ...,-6: Number of protons added to (+)/removed from (-) 4°Ca
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T. Nakatsukasa, K. Yabana, J. Chem. Phys. 114, 2550 (2001)

CH| !

|
[
I
t
|
I
i

10

lonization
threshold

L

Photoabsorption oscillator strength

- TDIL.DA
- -~ IPA
— photon exp

L L L

20 30

Photon energy o [ eV ]



SERELGERDMEILE > Za— bt AFOM/MREIOEY HL

DYBLDARE (REREE) N THRIENTZHRAR
0 HE m
&V(XPXZ"”’XN):O -Ef e

DYELDRDEY D/MMRE
V(Xl, oyt Xy ):V(Xfo), Xgo),'“, XLO))‘F%ZVWWJ'
i ]

oV
mz=->Vin, V=
~ booxox,

x{%)

MINEBIE AN Z3EY D7 TO—F

LIz LKYVEFE—KR —FEIRBBDEIS E(t)=Ee™ | /NILRBBENEMZ.
ZRKD5B, MMz, EmHIREZRRS, CRE) IREIZERAN5,
7,(t)=Cae™ i =—> V7, +eE,e mii = -3 Vi, + 15(t)
V.a. = mw‘a j j
S s ot

20



— E(t)

THBEFBER: , .
1 ;XJTE?JE@J % 0) i%é for 77T A7

X'+7/)'(+a)§X=_FeE(t)

sEEsEE pt)=—ex(t)=[dt'alt-tE()

BEIREEHE SRS H
— RO B3 R L RIMEI LD HERS)
E(t) = E,e ™" E)=16(t). x(0)=""1
X(t) o ar(w)E(t) NI
o2 1 el 7, SIN 0)0—4’[
)= v alt)oexlt)=— e ——
Wy —
4
o) = [dt e'at)

BERSOTI—) TR =81 IEE

21




EFHEEMBER: KREFDILME

RFFINEE= R #E (Fhi) IKEE
Poot € ‘<¢f ‘Z‘ ¢0>‘

P()—)E * ‘<¢E,|=1,m=0 ‘Z‘¢O>‘2

o sin(kr—;l
¢Elm(r)_)

RAZIRAE =2 (A2 18) KRE

H(S'jv.m(f)

7h°k r

BERM
Zé‘(E o Ef X<¢f ‘Z‘¢o>

\ ‘<¢E,I:1,m:0 ‘Z‘¢0>‘2
= (¢ |26(E —H )z| )

S(E) =+

‘2

(E > Ethreshold)

(E < Ethreshold)

d) ) i P Lot

58 i BE 2 D
R

N

i T ILF—
BIRILX—

22



REEMEIE I SH3BYDAE
1. BEREET R TRD 2,
Poo = |1 [ )f Ho, =E.¢  (xifa1k)
2. [SEEHERDD,

S(E):—%Im%\z

Sternheimer A 8z (#EA21 X AFE)
(E—H)x(F)=2z¢,(F)

3. (KEIEREHE)

1 el E+e U _ _ei(Em_H)tm‘m _ 1

i77 40 E+ie—H ‘0 E+ic—H
1, 1% ¥

S(E)= _;Imﬁgdte'a’h%\ze 7] g,)

- 2 Re [ dte™"y" (7 Oy (1)
0

7h




WML ESTDDFT: DBEDESE

5\15 (B15): Ve (F, 1) = €E(1)2
SRIRAESHTER: 1) | 0 VOV O o) Sl
X p(t)=—e[ drzn(F,t) = [ dt' a(t-t)E(t)

| [ dt e p(t)
VAN 3 E)=|dte™a(t)=+——
B ER a(E) I alt) dt = E(t)

HEIZEFGDN S R t=0 [ZE<KE S
V. (F,t)=15(t)z

HENEMIL. BALMbIETIEEERE 4(F)
w,(r,t=0,)= exp[% jooj(hKS +V,, )}dt =e"""¢(F)

i =8 FEERE
p(t)= j dFzp(F,t)ec (2(t)2(0))

TEE |
a(w)= Tjdt e p(t)



EHE #1205 TDDFTETHE

1. Apply impulsive external field
Vo (F, 1) = —kd(t)z
w,(F,t = 0) = exp[ikz]g,(F)

2. Calculate dipole moment in time d(t)

dﬁ)zfdhﬂ@i)m(ﬂoim»

3. Time-frequency Fourier transformation
gives frequency-dependent
polarizability

T

a@ﬁmjmemwa)

25



1. Apply impulsive external field Dipole moment

F 0.4
VeXt(r’t) = —kao(t)z Coherent motion of | ' ! !
w,(F,t = 0) = exp[ikz]g,(F) all 6 and 7 electrons™

m-t* oscillation

2. Calculate dipole moment in time d(t) 2 00
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0.2 .
3. Time-frequency Fourier transformation
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T. Nakatsukasa, K. Yabana, J. Chem. Phys. 114, 2550 (2001)

CH| !

|
[
I
t
|
I
i

10

lonization
threshold

L

Photoabsorption oscillator strength

- TDIL.DA
- -~ IPA
— photon exp

L L L

20 30

Photon energy o [ eV ]



Treatment of boundary condition:
Absorbing potential outside the molecule

Absorbing potential should be: smooth enough to suppress reflection
strong enough to absorb all flux

(a) Real-time calcullation 10 i {b) f(w)

W,=0 TRK=12
_— W0=—4 eV i

o
[
T

0 L L | 1 !
0 10 20 30
wleV]

difdw [eV ']

0 ‘j | I | L 1 L
0 10 20 30 40
Photon energy m [ eV ]

p(F) =Dy (F.0)f \

2 =1
{_;l_m§2 + ;Vion (F - Iia) + eZJ-dFI Iﬁ—;(i ;—_»t.|) + Hye (,O(F,t)) + IW (r)}!/ll (F’t) = Ih§W| (F,t)
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Example: linear optical response of Ethylene molecule

_[dte‘”t p(t)
a(a)) = — by three-distinct pulses
[dte'E; (1)
Electric field Polarization  Oscillator strength
E(t) p(t) df/dE
(a-1) (a2) | U ey
o(t) : 1,
— (b'_]) —— a1 R O OH
o(t) - al=
(c-1) -2) (c-3)
Gaussian 0 1

2 10 20 30 40 50
t[1/eV] t[1/eV] E[eV]



Oscillator strength distribution [eV']

Oscillator strength distribution [eV]
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HAXDREGRDB: Cou ?FDRISEETEHE (240 {HEF)|

Kawashita, Yabana, Nobusada, Noda, Nakatsukasa,
J. Mol Struct. THEOCHEM, 2010

d(t) [Arbitrary unit]

a(a)):%J'dtela)td(t) Time [fs]

Fully convergent result S 16 ' '
. . @
- for a fixed ion geometry = 14t
- within adiabatic local density 8 19
approximation 3
- scattering boundary condition for & 10 ¢
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Oscillator strength distribution eV

Origin of narrow structures
at high excitation energies

shape resonance
(potential resonance)
by the centrifugal barrier
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K. Yabana, G.F. Bertsch, Phys. Rev. B54, 4484 (1996).
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Modified Sternheimer method vs Diagonalization
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Modified Sternheimer method
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Comparison with experiment data
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