LC

\y

» » I

MEXICKSFEFDOIE— L > Ml

BRER
M 70 BB 2 — T841-0005 Bkl B 4 1 8-7
STREBFII  T444-8585 AL T K 0T3S

EH#IE
KRS BEHER T930-0194 =ILEEILTHE£482630
TR B

IRERY SRRy 2 — T739-8526 KB IEHN B skl 2-313
DT RFEPIGEAT T444-8585 550 A IRy v BH A ST e 38

BYER) CVOERBICELAZADT 22— ZHVT, BREAMEBCETIEFOIE—L > Ml#E
[CHL7co aE—L > MRIFEYEOKRBREBZATERETZIHMTHY, CNhETHBEHTESHECHEE A
TeL—Y—TOHRAELEZIONTE  ARMTEELBEBERLIRSKICEZaE—L > ML UVSOR T

T 1 RAERREBNY Do

1. 3IUHIC

KEBBWH e BEICHEL b2 HV5 &, WEONE)
BA & REENIICHIE L CEFREZ WM T 5 2 08k
Be TOXDHWBEHEITI I — LV HIEHR BT REES
W EME N, 19804 HALF I IE O HIE 2 H i &
L CXOEGmRBRIEIN/Y, CORELLRZ 51T,
1990 fRIC7 % & F < B RO IR F 7 FIC/F L ThE % 7
ab—V v MM ER S NGD I, B E &L T
%, ZEOEMER L —F =R RO XTIV Ak
i > 72 R F DFHAEESRYY 2T+ O A 45 415 O Hl 6,
SRS BRERIESS Oflf e E BT bNn5, 36
12, 19904ERUBED L — T — KL KR IER MO B H %
LWHERICHEHEZ &Y, ab—L v MO EE
b5 & &BIT, FIRHLDTEORF 5T bRESLH
R & EICIRR L TE T 5913,

CD3VFEHOWMIEEDOMERIC L - T, 4 HTEHH - %
MEDOL —F —IC X 2RO TFHFIc>»wToab —L
VMRS OB DV T %, FEERRERF & LTl
HDFEOW &L TOWEA I EFSELLEND T &
ICDOEDLN, TOFELEZERN LRV ERFEKTH S
CLERHEREWEASSH, ab—L v FEEOENEEAL
i, HE SOk L EEbE IS DT ARER A D
%o Bz idkumEEst (XUV) I E TR hiE, Ch
F CIH A HME T OV F— 2 N S WRTREICER Hh v
7o BT R OFNE % B < 7B L TR TE 5 2 &1
5 I BIC X MEKE CHEES UL, ABRETORM
PEFEPCEDS, THICLD, XIC KB TEFRERN L

iR A LB isa v — U NI OIS AV E A
N5 L, —77, BERLE 7 £ A PR LT ORE
IR 2 F5 DHBEL OV ZDER b FTRE & 375720, il 5
DORFREI A —)L b7 P B HIA SRR CE, K0 @l a8l
FLHFHTEXAH LD H12AD,

SR, RERESHORERBICEY XUV HEEcOa —L v
I A EBRIC S S bbbz, TOT LV —7 Z—%FK
WL REREMME =250, OV L3y —FHEHE
FU—Y—, 320 23BRERAPEL - —TH 5,
20164E1C 4 % ) 7 @ FERMI C, a0 XUV /U AT
B o fo kA VIR FONTEFAE SO FT N
7oW, COEBRTIE, v—T 4 V7K &> THERBWY
DR LT 00 XUV VAR RIRESE, Zh 5Ot
MHZE T —ABBEOREIC LD T M — X —THl#
LC\Wb, TOFER L EMEIC, Nabekawa S35k ST
V—H—iC kB XUV T F /L ADXRT &fifi-> T, KE
ST OXMEEE Y 7107 © A R ORI A7 — )L Tk
FET 5 LI L TWBEY, COEBRTE, F7I
7NV AL & BT OBED /- DI I T —F W ic L —
Y —EKEAE OIS E DA DNz, FEOERFE
i, RF5 FHOBETHERRORHFERY 7 « LMD T
B CELN A e CHFIH SN T 5,

ZDEDIC, V- FHARETFV - —SEkEHED
FIRHIC L > CXUVHEEO o — LU FHIBIAER S K
770 LA L, WENOFIAICEWTSIEFICESE AL
MBI TH A7, BHEMETIE XUV HEOa -1V
BRSO CRBINAEREE 2 5, E72, TNHOK
RO S 675 B RACIC I B AT 2 REERE S, v — A

gt Sept. 2020 Vol.33 No .5 327

(C) 2020 The Japanese Society for Synchrotron Radiation Research



HHETV—Y—ICB\WTit, XV —T—%2FHL -
V—FTOEBERACIRALZB D, XBHEE OO
t—V v FHENCIE IV T v — F1200 27 )L /X0 AND
IO 7R B AR R D NEI I A LB b b, BKE
FBEOFIHICB\NTD, IT—IC L5 XTIV ADBRIE
IR OB FIX RN RIS 72 513 EMERGE OB R BEL < 7x
B

B, Taldigbticksrav—L v IR SERL,
AN T LR FONEE RS & LT XUV I TOEIEE
BRICHEh L 72202, Hhox MER L 72 TEOF SIS, BEfFO
IEZRHAM O A TR RO I — Vv il 2 S
T252EICh%D, AVAIHIZ—BIIZERY v 27 A
VA=V ENLZEBOT VYA V—FTHY, —EEHE
FNCHELL 72 & & DIAMIEBERER e IR B CTh % 7/ YV a
U — A B ORTEBWINE, 7Y 2 b— X OARNe
BlF & iR T HBIC T YA vV TE, BERIBICOWTR
XA ORI R BN 2T v, BT vy
2 V=R LD Z TS ATIROKESE RN E NS
7, ZORFEMREE — B IR EATIC L 0 7 PR —
X—THIEICTES, CDLDT VY 2 L —XREDOFEL
T EFELI TR RickD, XUVHEETOar —
VMR SEERL 72, Coak—L v MEIETFER,
TSI DB 7= 7 FERBiAT & L T < OBFFE S E T5 %15 H
TELAREELDH, AT, TIFT«PFHELAa
t—VL v MOFE BRTHE) &2 AR
DERA I HNLEFITHH L, TDH%, NV LRTE
i 7o Ic ks ae —U v FEOEEER & BN
b

2. ERICEBDae—-b > M

2.1 RRFHE
Bafroloic i sae —v v FRIETIE, K
F#: (Wave Packet Interferometry: WPI) &PFEEN 5
F—IE D XTIV A% i 5 FIfFEL 2D 2 v/, C
DFETHE, XTIV ZADRIOEIERH A HH D7D D
NTGA=RELTHWA, TOWRTEEDFH A HHEIC

(a) (b)

2n pulse 1t pulse

Atom
Delay time t

Fig. 1 (Color online) Schematic illustration of the wave packet in-
terferometry scheme. (a) Pulse pair separated by the delay
time 7 interacts with an atom. (b) Energy level diagram of
the atomic system. The atom is excited from a ground state
into two sets of coherently superimposed excited states.
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of the radiation from a bunch of electrons.
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Fig. 3 (Color online) (a) Experimental setup for coherent control
in the photoexcitation of helium atoms. The tandem undula-
tor consists of two APPLE-II undulators and each relativis-
tic electron in the bunch emits a pair of 10~cycle XUV radia-
tion wave packets. The delay time between the wave packets
is controlled by the phase shifter magnet between the two un-
dulators. The undulator radiation interacts with a helium gas
beam and fluorescence photons are detected by the pho-
tomultiplier tube. Helium atom is excited by a pair of (b)
horizontally and (c) circularly polarized radiation wave
packets in the population and alignment control, respective-
ly. The undulators are set to provide the pair of left-circular
polarization (LCP) and right-circular polarization (RCP)
wave packets in the alignment control.
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Fig.4 (Color online) (a) Experimental scheme of the population control. The helium atom is excited into the 1snp su-

perposition states by the pair of horizontally polarized XUV radiation wave packets. Fluorescence intensities are
measured as a function of the time delay between the radiation wave packets2!). (b) Total fluorescence in the visi-
ble and ultraviolet regions. (c) Contributions from the 1snp excited states of n=4-6.
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Fig. 6 (Color online) (a) Experimental scheme of the alignment control. The helium atom is excited into the 1s6p su-
perposition state which consists of the M;= + 1 substates associated with the first (LCP) and second (RCP) parts
of the wave packet pair. (b) Fluorescence yield measured as a function of the delay time. The gray circles are
measured data and the red line shows the theoretical curve. Polar plots of the aligned 6p orbital (blue) and dipole
emission pattern (red) in the xy plane are also shown in top panels (c—f).
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Coherent control of atoms by synchrotron
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Abstract We report on a new application of coherence in synchrotron radiation — the coherent control of
excited state population and alignment. The performance of our scheme is demonstrated by the
photoexcitation of helium atoms in the extreme ultraviolet wavelength region. Our method is
based on the use of the twin undulator for the generation of longitudinally coherent wave packets
with attosecond-controlled spacing, and is extendable to much shorter wavelengths. This new
capability of sychrotron radiation will open up the possibilities of probing and controlling ultrafast
phenomena in a broad range of physics research.
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