BRI EAEFDOae—1 ) FEIHE

Ll ER
Jull >z a e et s 2 —

W N TWE OMECHREZ B T S W TEIEICHIE 2% = L%, R - WERE
WHIEDFEfB) 72 BEED—>Th 5. 1990 FRENED L — VP —Hifr O T 72 L, S EICE
Hl S el KO E O R FIRERIZ EB L7z, 48 Tl —¥F—HKiIZ X 5 & FIREOH
BCFHBNE, KB FENDETHERAFEE CIRAENDH CIEH SN BN RERTFIELE NS,

Fexldhol, #7870 valb—% (Kla) 220E, BEREKKETHLT M LL TR
FENHIEH ST T ANV ARESG /LN Z EICER L, ZRa oz aIRERE (=
E—L v Ml 2FELEZ. 2L TH T UVSOR IZB W TRME 12 x4 & U= F5E R
ATV, WGERAMNE O T NS 2T K 5~ U AR ORE S A HE[1] RLEFPUERR[2]O
BRI ZEBLLLZB] ST X SRR~ EARTFIELIGRL, ¥t/ VEFOPHAELL
WHED 7 = 5 MROFE TR ORI L. WTFNOERIZB W T H#ENRT A —4
IZZ TNV ADKMBIE CH L. ZhET NP LNALVTHET L2 LT T AL AIZE -
TR SN F PN O &7 IR 2 TUHE L, TR0 & 7R 0 il 40 HA B F2 oD I i F 1
WA EB L. RFEORE RACITIEREM 22 H X1 S 72 57, FRIZITHSH L0 7= 72
FIREZE D ATEEMERE W EHIFFL TV 5.

(a) (b)
c L, dT e e
5 % 25" e 18
3 L R i
o ~EUTEE YSal—4 SIIIULR
o P AR c de f
- “ITHANE T |
3 S 5,

= o ~Jxd

¥
|
f
!
|'II
!
/
r
Q=
..L
by 1

)
£ 0 100 200 300 400 500 600 70D BOC 600 1000
Delay time [as]

Bll:@ T A7 v Valb—RILLDX TNV ABSERORE, (b) ~V U LK
OB FHERO T D&,

[1] Y. Hikosaka et al., Nat. Commun. 10, 4988 (2019).

[2] T. Kaneyasu et al., Phys. Rev. Lett. 123, 233401 (2019).

[3] @R, EWERIE, MEEBIE, HAMSEFREE 33, 327-333 (2020)
[4] T. Kaneyasu et al., Phys. Rev. Lett. 126, 113202 (2021).



Contents

v/ Background: coherent control

v' Experimental: coherent control by synchrotron radiation

v Photoexcitaion of He in XUV

- wave packet interference
- controlling the population and
orbital alignment
UV Y. Hikosaka et al., Nat. commun. 10 (2019) 4988
M T. Kaneyasu et al., PRL 123 (2019) 233401, NJP

22 (2020) 083062.

v Waveoacket interference in atomic inner-shell excitation

‘o f" e & - exictaion of 4d electron in Xe
3 . iE » - tracking femtosecond Auger decay
> o0k SHRHARES 59— BISEMRRRMES 2021/8/23 Soft x-ray T Kaneyasu et al., PRL 126, 113202 (2021)

: ‘et

Collaborators a5 ZEREEDFI

VUV~X#RIE TR ZEMIBE (RE) 283 RFDXBEE

EIRFEIE ey P me RS JEENY

PG REMBS TR PRI | ) )OL 2 st s

= as R ZRIE—L >R - HRAER
2ILKE

[LEXRZFHISOR, 9 FHHUVSOR

DNEERE
SFHHUVSOR
BEAE, sFL

P FUN e EEET AR
PELAT @ LB KE R PTIER

BREBFY A f‘:OZ
A=

o

HREEL
- JEREf, PU10)UE
X#RAE—L > M, 7 MSBERNE

s Controlling the population and reaction in matter by light
Brumer-Shapiro (3a,/@;) scheme  Wave Packet Interferometry

DS b A MW

Lo TOMAKIE GALSRET

Background: coherent control
BN OERE TOLADRS = s - . . .

1, Sy s Vo

L. Zhu et al., PRL 79 4108 (1997) T 2

K. Ohmori et al., \m—a»—.J\n,

BARKEI R FRE 33, 327 (2020) PRL 91 243003 (2003) 3 4 5




Short wavelength control (XUV+XUV)

Dissociation pathways of H,* molecules
; AR )

High harmonic generation

L L k|

e

Y. Nabekawa et al.,
Nat. Commun. 7 12835 (2016)

Fi

A4~ 62.97 nm
Aogng~31.5nm

K. C. Prince et al.,
Nat. Photonics 10 176 (2016)

Contents

v Background: coherent control

v Exp.)erimental.: .cdherent ébntfdi by dbﬁble;ﬁhdulator

v Photoexcitaion of He in XUV

- exictaior

- tracking fe

v Background: coherent control

v Experimental: coherent control by synchrotron radiation

v Photoexcitaion of He in XUV )
- wave packet interference

- controlling the population and
orbital alignment
Y. Hikosaka et al., Nat. commun. 10 (2019) 4988
= T. Kaneyasu et al., PRL 123 (2019) 233401, NJP
22 (2020) 083062.

v Wavepacket Interference In atomic Inner-shell excitation
jan of 4d

Waveform of Undulator Radiation Waveform of undulator radiation
Conventional Undulator Double-Undulator
_ N-period Phase
Relativistic N-period Undulator B shifter Neperiod
Electron
@
N-cycle radiation Pair of N-cycle radiation wave packets
C wave packet @
Contents Control scheme: wave packet interferometry

2" pulse
18t pulse
— ® :.
Del | 55
elay t Atom 23
S5¢
Pair of Electron Wave Packets t=0 T

~ —iw t, (1) 0 TV controlling the
() = z ™ e (1 + e JET ) interference by delay t
k

oscillation with optical
cycle 2m/wy

Population

n, < 1+ cosw,T

Delay ©




Double-undulator in synchrotron

%,
6, %,
/‘7“%{0
\/'oo Undulator Phase

BN shifter  ynguiator M
&0% St
e —
Pairs of N-cycle radiation wave packets
@ @ @ 2 Atom
@ @

Wave Packet Interferometry by Randomly Distributed
Coherent Pulse-pairs

Nth Pair N-qth  eeeesennans 3rd 2ond . 1etpair

Electron Wave Packet Pairs

() = ZEZE_W“"“‘""T"WJFZe_iwkt“"ew'ek)}
G
—iwyt 0,7 i@, ]
= Zz gy (14 e@m)elile,) cross terms are
cancelled out

Population
1= Ko ()= e=ontq, (1 + elor)etientay(1 + e—iwkr)zeiwk(Tl—Tm)

2
= 2N|a;, |"(1 + cos w,7)
T. Kaneyasu et al., NJP 22 (2020) 083062

Experimental setup

Fluorescence detector

Double-undulator in (population monitor)

UVSOR-IIl Synchrotron

Phase shifter | jght Source Development Photomultiplier tube
Beamline BL1U
Bandpass

-
v Finhcle A iter
Al filter | )
Polarizer
- )
APPLE-II Undulatars -.\L.»

(2=88 mm, N = 10)

ol Helium gas
beam
10-cycle XUV wave packets ~2fs o
~21s
* A~52nm (~171 as period)
* Attosecond-controlled delay in I'\q .
few-femtosecond timescale Delay © et

Undulators
-

Population control of He atom

Pair of linear polarized wave

packets .
l\’l ® /

Delay « Helium atom a g

2 <

S

A~ 52 nm (~171 as period), > 9
10-cycle, 10% bandwidth 20eV T
Rydberg electron wave packet =

() = ) ey (1+eT)ley)

k OeV -

Fluorescence from 1snp states

2o I.La— (a)
:.- o -
: 0.9 if’y' 'L' a %’-M&J‘ AM‘J:
E 0 Oscﬂlatlon period ~ 170 as
%’ 0 S0 tonn Ind|V|dua| Tsnp states mr: 350 4000
% 10 8 & 3 L8 e ) "‘.lu i 'x‘. 6p (b)
3 i (((HH 5p
4 os _ ,| II| ,||( t 36
E 1y 'J .lj.l_,'. 0 |_,n' “I“ | Il |:
= T T T
0 500 1000 1500 2000 3500 3000 3.‘31]'! 4000

Delay time © — 15 [as] (t,~2100 as)

Population oscillation with light period 2n/w,
e = el (0)P= 2]a D 2(1 + cos wy )

Y. Hikosaka, TK, et al., Nat. Commun. 10 (2019) 4988




Relative populations

t=80as
14 1.0

LU 1.5

Fluareseence intensity (a.0.)

Ap sp op
t=1515as
104 1604
(B8 115
- i
4 3p Gp

t=165as

a0 n_n-l—-—l

4p ip o
©=1590 as
4n 5p i

Alignment control of He atom

Pair of left- and right-circularly
polarized wave packets

RCP 25 eV
LCP
— i) g
Delay © | Helium atom
A~ 52 nm (~171 as period), 20 eV
10-cycle, 10% bandwidth
—
Coherent Superposition of T
M, = £1 States 0ev

[1h) o« &= @are{—|+1) + e!@aT| 1)}

Orbital picture

Coherent superposition of px orbitals

p+ by LCP
y

p- by RCP

z  phase
difference wg,t

superposed orbital

Angular distribution of aligned p orbital

. Wg,T
|—Y141(6, $) + et @Y, _, (6, (;5)|2 o sin? @ cos? ((/J - l)

2

tilt angle is set to wg, /2

Fluorescence from aligned state

Detector -y

fluorescence

Intensity [arb. units]

T T T T T T T T T
0 200 400 600 800 1000 1200 1400 1600 1800
Delay time t — 1, [as]

Signal Intensity of fluorescence detection
I(2) o cos?(“or’/,)

T. Kaneyasu et al., PRL 123 (2019) 233401.

Temporal resolution

Light source limit
~ 10 as (emittance, energy spread)

Population control (Hor. pol.)

" Hﬁﬁ" i e
W

[ LT T T ¥ R 1)

Delay time t — 7o [as]

Alignment control (Cir. pol.)

Phaser shifter current [A]

200 400 600 800 1000 1200 1400 1600 1800
Dervied delay time [as]

Intensity [arb. units]

Temporal resolution
~20 as

Temporal resolution
~26 as

Contents

+ Background: coherent control

< Experimental: coherant control by synchrotron radiation

v Photosxcitaion of He in XUV

v' Wavepacket Interference in atomic inner-shell excitation
I - exictaion of 4d electron in Xe
? ’ - tracking femtosecond Auger decay

T. Kaneyasu et al., PRL 126, 113202 (2021)




Wavepacket Interference in short lifetime state Inner-shell 4d excitation of Xe atom
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